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SECTION 1
Declaration

1.1 Site Names and Locations

Operable Unit 9 (OU-9): Former Industrial Waste Treatment Fecility (IWTF)
Marshdl Space Fight Center (MSFC)

Nationd Aeronautics and Space Adminidration (NASA)

Huntsville, Alabama

TABLE 1-1
OU-9: Former IWTF
OU-9 Record of Decision

Site No. Site Name
MSFC-044 Industrial Waste Treatment Basin
MSFC-045 Concentrate Receiving Tank
MSFC-046 Concentrate Transfer Tank
MSFC-047 Hydrostatic Dump Lagoon
MSFC-048 Mix Tank
MSFO-049 East Ultimate Lagoon
MSFC-050 West Ultimate Lagoon

MSFC-A Caustic Storage Tank

1.2 Statement of Basis and Purpose

This decison document presents the selected remedid action for the soils and groundweter a the
former IWTF a MSFC, Huntsville, Alabama, devel oped in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as amended by the
Superfund Amendments and Reauthorization Act of 1986 (SARA) and, to the extent practicable, the
Nationa Oil and Hazardous Pollution Contingency Plan (NCP).

This decision is based on the administrative record for these sites. M SFC has obtained concurrence
from the Alabama Department of Environmenta Management (ADEM) and the U.S. Environmentd
Protection Agency (EPA) regarding this decision.

MSFC isthe lead agency for the remedid investigation/ feasbility study (RI/FS) process for the Sites.
EPA Region IV and ADEM are the supporting regulatory agencies for the Stes. In accordance with
Title 40 Code of Federal Regulations (CFR) 300.430, the regulatory agencies have provided input
during this process. Although the regulatory agencies are not signatories of the document, the involved
agencies have concurred with the no further action (NFA) recommendation.

DFB\14462.DOC 1-1



1. DECLARATION

1.3 Description of the Selected Remedy

Future remedid actions to the soils and groundwater at the OU-9 stes are not necessary for the
protection of human hedth or the environment, based on an analysis of available and pertinent
information for the sites as documented in the MSFC OU-9 Remedial Investigation Report Final
(NASA, August 1999).

This report aso included arisk assessment for the groundwater associated with the OU-9 sites. No
further investigation of the soils, remedid action to the soils, investigation of the groundweter, or
monitoring of the groundwater are necessary to ensure the protection of human hedlth and the
environment based on the data evaluated for these Sites.

No additiona sampling or monitoring of the soils or groundwater will be necessary under CERCLA or
the Resource Conservation and Recovery Act (RCRA) because the conditions &t the Stes are
protective of human hedlth and the environment. The sdected remedid dternative is therefore no further
action, and the sites need not be modified nor undergo further sampling, investigation, or remediation.

1.4 Statutory Determinations

The sdected remedy of “No Further Action” is protective of human health and the environment and
complieswith federa and state requirements that are legally applicable or relevant and appropriate.

No imminent or substantia threets to human hedlth or the environment were found for the soils or
groundwater at the referenced Sites. Therefore, no remedia action is necessary to ensure the protection
of human health and the environment. A 5-year review under CERCLA will not be necessary for these
Stes.

—_—

B

J LY h 5/ o0
Shejla S.\Cloud Date
Direct

Center Operations Directorate
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SECTION 2
Decision Summary

2.1 Site Location and Description

MSFC islocated in north-central Alabama (Figure 2-1) on approximately 1,840 acres of property
within the boundaries of Redstone Arsend (RSA). The irregularly shaped property is gpproximately 3
miles long on its north-south axis and 2 miles wide on its east-west axis. Mogt of the property adjacent
to MSFC is under the primary control of the Department of the Army (DA). A substantia portion of
RSA, including most of the lands to the south and west of MSFC, belongs to the Wheeler Nationa
Wildlife Refuge (WNWR). Only asmal portion of the WNWR extends onto property controlled by
MSFC.

The City of Madison is gpproximately 3 miles northwest of MSFC, the City of Huntsvilleis
approximately 3%2 miles northeast of MSFC, and the town of Trianais approximately 3¥2 miles
southwest of MSFC, as shown in Figure 2-1.

OU-9 is comprised of eight solid waste management units (SWMUSs) a the former IWTF. The location
of OU-9 isshown in Figure 2-2.

2.2 Site History and Enforcement Activities

MSFC is alarge-quantity generator of hazardous wastes and operates <90-day storage areasin
accordance with the RCRA. MSFC aso maintains interim status post-closure care under RCRA for
three former surface impoundments (M SFC-044, 049 and 050) associated with the past treatment of
meta plating wastes. MSFC's EPA identification number for manifesting hazardous waste is
AL1800013863.

In 1985, NASA undertook initid environmenta compliance audits of its facilitiesin response to
CERCLA legidation. Theinitia audit identified five potentid CERCLA stesat MSFC. A second audit
documented in the Sampling and Analysis Plan: Preliminary Assessment of CERCLA Candidate
Sites (June 1988) identified 30 Sites of possible environmentd significance.

The Preliminary Assessment of CERCLA Candidate Stes and Related Stes of Possible
Environmental Sgnificance (February 1989) included a preiminary assessment/site investigation
(PA/9) of the 30 CERCLA candidate sites, including sample collection a 19 of the Sites.

EPA performed avisud ste ingpection (VSl) in June 1989, which formed the basis of the Interim
RCRA Facility Assessment of the Marshall Space Flight Center (July 1989). This assessment used
the results of NASA’s PA and identified 77 Stes of possible environmenta significance.

RSA performed a RCRA Facility Assessment (RFA) to evauate dl of the sites of potentia
environmental sgnificance on RSA property, as documented in the I dentification and Evaluation of
Potential Solid Waste Management Units and Areas of Concern (February 1991).

DFB\003672575\SET1462.DOC 2-1
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2. DECISION SUMMARY

This RFA identified an additiona 11 Stes requiring investigation. NASA identified 7 more Stes
requiring further investigation, bringing the total number of Stesto be addressed to 95. A memorandum
of agreement (MOA) between NASA and the DA transferred 13 of these sites to the responsbility of
the Army. In addition, 15 Stes that were believed to have had no effect on the environment were
removed by EPA from consideration, which reduced the total number of stes to be addressed by
MSFC to 67. Eight of the M SFC sites have been assigned to OU-9.

Three sites within OU-9 (M SFC-044,049, and 050) were dosed under RCRA and certified in January
1990. This closure is described in the Post-Closure Permit Application for the Ultimate Lagoons
and IWTB (1988). Post-closure inspection and maintenance activities were required under the RCRA
closure.

NASA submitted a Part B RCRA permit application for post-closure operations at the former IWTF
on August 1, 1991, to EPA and ADEM. NASA was awaiting permit application approva and
subsequent issuance of the permit and its associated Hazardous and Solid Waste Amendments
(HSWA) RCRA Fecility Investigation (RF) requirements when NASA was notified of its
incorporation onto the National Priorities List (NPL) under the CERCLA program. EPA added RSA
(U.S. Army/NASA) to the NPL by publication in the Federal Register (FR), 59 FR 27989, on May
31, 1994. MSFCisincluded in the listing of RSA on the NPL.

Soil samples were collected at the remaining five OU-9 sites (MSFC-045, 046, 047, 048, and A) in
May 1996 as part of the CERCLA RI process. Subsequently, ADEM agreed that if additional
sampling results demongtrated no risk to human hedth or the environment &t the three RCRA closed
sites (M SFC-044, 049, and 050) these sites could be agpproved for NFA under CERCLA. Since the
RCRA program has deferred their authority to the CERCLA program, the acceptance of the NFA
proposa through the CERCLA program would aso goply to the RCRA program. A soilsinvestigation
at the three RCRA-closed sites (M SFC-044, 049, and 050) was conducted in May 1997 to provide
data for confirmation of no further action for these Sites. A residentid human hedth risk assessment was
aso conducted for the soils and the groundwater benesth the OU-9 Sites to support the no further
action dternative.

The MS-C OU-9 Remedial Investigation Report was prepared in August 1999. One of the intents of
the report was to document the NFA recommendation at the 8 sites within OU-9. After completion of
the Ste inspection report, the Proposed Plan for MSFC OU-9 Stes (NASA, May 1999) was
prepared. The Proposed Plan contains a summary of the NFA recommendation for OU-9.

2.3 Highlights of Community Participation

MSFC, EPA, and ADEM have made sgnificant efforts to inform the public and to provide input
regarding activities associated with the Ste. MSFC has been working with the community sinceits
ligting asan NPL stein 1994. As part of its community outreach efforts, MSFC held a public
information meeting about the NFA recommendation for the OU-9 sites. The public information
meeting was held on September 13, 1999, and was announced in the Huntsville Times. The mesting
conssted of a poster session during which MSFC staff were available to answer questions from the
public.
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2. DECISION SUMMARY

Information sessions were held for MSFC employees as a poster session and a presentation. Notices
of the employee information sessions were announced in the M SFC newdetter, The Marshall Sar,
and daly announcement, The Daily Planet.

Information repogitories were established for MSFC at the following five locations:

« MSFC, Alabama

« RSA, Alabama

» Huntsvilie/Madison County Public Library, Huntsville, Alabama

« TrianaPublic Library, Triana, Alabama

»  Madison Branch Huntsville/Madison County Public Library, Madison, Alabama

The specific locations and contacts for these repositories are presented in Table 2-1.

TABLE 2-1
Information Repository Locations
QOU-9 Record of Decision

NASA Public Inquiries Office

MSFC/CO30

MSFC, AL 35812

Contact: Ms. Rosa Kilpatrick
256/544-0042

Hours: M-F 8:00 a.m. to 4:30 p.m.

Redstone Scientific Information Center

Building 4484

Redstone Arsenal, AL 35989

Contact: Ms. Jean Bannister, Asst. Director
256/876-9309

Hours: M 11:00 a.m. - 4:00 P.M.

T-F 8:00 a.m. - 7:00 p.m.

Huntsville/Madison County Public Library
915 Monroe Street
Huntsville, AL 35801

Contact: Mr. David Lilley
256/532-5975
Hours: M-Th 9:00 a.m. - 9:00 p.m.

F, Sat 9:00 a.m. - 5:00 p.m.
Sun 1:00 p.m. - 5:00 p.m.

Triana Public Library
280 Zierdt Road
Triana, AL 35758

Contact: Ms. Myrtle Benford
256/772-3677
Hours: M-Th 3:30 - 8:30 p.m.

Sat 10:00 a.m. - 1:00 p.m.

Madison Branch Huntsville/Madison County Library
181 Hughes Road
Madison, AL 35758

Contact: Ms. Janelle Moritz
256/461-0046
Hours: M,W, 9:00 a.m. - 6:00 p.m.

T, Th 9:00 a.m. - 8:00 p.m.
F, Sat 9:00 a.m.- 5:00 p.m.
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2. DECISION SUMMARY

The Proposed Plan for MS-C Surface Media OU-9 Stes (NASA, May 1999) was placed into the
information repositories and Adminigrative Record for the Ste. The public was encouraged to review
the Proposed Plan, along with other related sources of information, including the MSFC OU-9
Remedial Investigation Report (NASA, August 1999). Related documents generated from CERCLA
activities at the MSFC dites are listed in the reference section (Section 5). The public comment period
was September 6 to October 5, 1999.

2.4 Scope and Role of Operable Units

CERCLA stes within MSFC have been grouped into 11 different OUs because of the complexity of
the MSFC facilitywide RI/FS. The OUs can be described as smaller, incrementa actions toward
comprehensively addressing the MSFC sitewide progression of work and were based on risksto
human health and the environment; smilarity of investigation activities, including gpproaches, andytica
methods, and data gaps, Smilar remediation approach; geography or location within the MSFC facility;
and the NASA mission. The development of these OU groupingsis summarized in the MSFC Site
Management Plan (SMP) (NASA, October 1998), which is available in the information repostories.

Sites a the former IWTF were grouped into OU-9. The site-specific decison summary for OU-9 is
provided in Section 3.
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SECTION 3
Site-specific Decision Summary for OU-9

A decison summary for each OU-9 steis presented in the following subsections. The intent of the
decison summary isto provide an overview of the site-specific factors and anadyses that led to the
selection of the remedy for the site. Each Site-specific decison summary describes the following:

« Sitecharacterigtics
e Summay of sterisks
« Description of the no further action dternative

Table 3-1 lists the sites within OU-9. None of these Sites are operationa. Figure 3-1 isan overdl ste
location map denoting the location of each OU-9 site.

TABLE 3-1
Status of OU-9 Confirmation Sampling Sites
OU-9 Record of Decision

Site Description
MSFC-044 Industrial Waste Treatment Basin
MSFG-045 Concentrate Receiving Tank
MSFC-046 Transfer Tank
MSFC-047 Hydrostatic Dump Lagoon
MSFC-048 Mix Tank
MSFC-049 East Ultimate Lagoon
MSFC-050 West Ultimate Lagoon
MSFC-A Caustic Storage Tank

Three sites within OU-9 (M SFC-044, 049, and 050) were closed under RCRA and the closure was
certified in January 1990. This closure is described in the Post-Closure Permit Application for the
Ultimate Lagoons and IWTB (1988). Post-closure ingpection and maintenance activities were
required under the RCRA closure.

Soils samples were collected at the remaining five sites (MSFC-045, 046, 047, 048, and A) in May
1996 as part of the CERCLA RI process. Subsequently, ADEM agreed that if additional sampling
results demongtrated no risk to human hedlth or the environment at the three RCRA closed Sites
(MSFC-044, 049, and 050) these Sites could be approved for NFA under CERCLA. Since the
RCRA program has deferred their authority to the CERCLA program, the acceptance of the NFA
proposa through the CERCLA program would aso apply to the RCRA program. A soils investigation
at the three RCRA-closed sites (M SFC-044, 049, and 050) was conducted in May 1997 to provide
data for confirmation of no further action for these Stes. A residentid human hedth risk assessment was
also conducted for the soils and the groundwater beneath the OU-9 sites to support NFA for
CERCLA, with protective limits that support clean closure under RCRA.

DFB/003672583/SET1463.DOC 3-1
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

To facilitate understanding of the sampling results discussed for each Site, a brief summary of the data
evauation processis provided in this subsection.

The data eva uation approach included a comparison to the direct contact vaues, cross media transfer
vaues protective of groundwater, and naturaly occurring levels for metals and inorganics. A set of
ste-gpecific background data collected from the confirmation sampling effort were compared with
background concentrations, human health protection-based criteria (risk-based concentration [RBC])
and generic soil screening levels (SSLs).

Step 1—The Site was evaluated for detected parameters. A Site containing no detected parameters
was proposed for NFA.

Step 2—The concentration of detected parameters at a Site was compared to the RBCs to reflect
incidenta ingestion of soils and potentid migration of chemicals to groundwater. Sites for which
detected parameters were below both of these RBCs were proposed for NFA. In addition, a specia
cae dso resultsin NFA in the prdiminary screening:

» If the exceedance occurred for afew (one or two) noncarcinogenic chemicas at the hazard index
(HI) of 0.1, it indicates that the combined chemical concentrations would not exceed the target HI
of 1.0. The site would then be recommended for NFA.

Step 3—The concentrations of detected parameters (that had |levels above screening criteria) were
compared to the background concentration levels detailed in the Final Report of MSFC Background
Sampling (NASA, December 1997). If the maximum concentration of detected parameters was below
twice the average background concentration levels, the site was proposed for NFA.

Step 4—A fina evauation of the data was done for Sites where a detected parameter was above both
the RBC and the background concentration levels. The concentrations relative to background, practica
quantitation limits (PQLS), potentia sampling artifacts, implications of biased sampling, frequency of
detection, and the gpplicability of the resdentia direct exposure-based and the conservative cross
mediatransfer assumptions-based SSL_s to these Sites was consdered in the final NFA determination.
A comparison of observed parameter concentrations to ecological receptor criteria was not deemed
appropriate because exposure was incomplete. A qualitative evauation of potential exposure pathways
and ecologica receptor occurrence was conducted by Site.

Within the Ecologica Risk Assessment, the andytica datawere evauated usng a‘ Tiered' processin
which consarvative screening vaues were used for the initia evaluation to identify those chemicals
requiring further evauation within aTier 11 level ecologicd risk evduation. Theinitid screening of the
OU-9 gtes showed that the OU-9 sites do not provide a naturd setting that would provide a habitat for
ecological receptorsand a Tier |1 level ecologica risk assessment was not warranted.

A summary of the confirmation sampling results and the associated risk assessment findings are
provided, dong with the OU-9 ste descriptions, in the following subsections. Additiona site
characterization and risk assessment information may be found in the following reports:

» Final Report of MS-C Background Sampling (NASA, December 1997)
» Draft Final MSFC Ecological Risk Assessment Report (NASA, October 1998)
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

« MSFC OU-9 Remedial Investigation Report Final (NASA, August 1999)

3.1 MSFC-044%Industrial Waste Treatment Basin

3.1.1 Site Characteristics

The Industrid Waste Treatment Basin (IWTB) (M SFC-044) was operational from 1969 to 1989. The
clay-lined basin was approximately 350 feet (ft) by 150 ft and 6 ft deep (52,500 square ft. [ft?]). The
basin contained three baffles that divided it into four gpproximately equa cells. The unit origindly
received clarified water from Building 4760, condensate from the steam evaporator, and flow from the
indugtria sewer. The IWTB sarved as an equdization basin in the industrid wastewater trestment
system from 1985 to 1989. The flow during this time was approximately 0.15 million gallons per day
(mgd). After the second phase of congtruction of the IWTF was completed (1985), the IWTB received
only the flow from the industrial sewer. Sodium hydroxide was added to the wastewater to ad in metas
precipitation. As aresult, metal hydroxide dudges accumulated to a thickness of 6 to 8 inchesin the
bottom of the basin. The liquid from the basin was disposed of through a Nationa Pollutant Discharge
Elimination System (NPDES)-permitted outfal on the southwestern side of the basin. The dudges were
drummed and disposed of at a designated disposal facility.

MSFC-044 (Figure 3-2) was closed in accordance with RCRA regulations and certified in January 1
990. This closure is described in the Post-Closure Permit Application for the Ultimate Lagoons
and IWTB (1988).

Exigting foundations and structures within the site, as well as the underground piping, were removed
before backfilling. All standing water and dudges were removed and drummed for offsite disposdl.
Demolished materia was broken into small pieces and placed in the lagoon asfill materid. The
remaining excavation was backfilled with ahigh clay content, low-permesbility soil. A clay cap was
placed over the backfill to provide alow-permesbility barrier to infiltration. A french drain system was
ingtdled adong the northern side of MSFC-044 to channel water westward, away from the surface
impoundments.

The Site was protected from erosion by grassing. A layer of topsoil was placed over the cap and
seeded with common Bermuda grass seed. Lime, fertilizer, and mulch aso were used to promote grass
establishment.

Two samples collected from borings SB09-38 and SB09-48 were andyzed for the target compound
list/target andyte list (TCL/TAL). The samples collected from the other 18 M SFC-044 borings were
analyzed for the chemicds of potential concern (COPCs). Borings SB09-38 and SB09-48 were
selected for TCL/TAL andys's because of the proximity of the borings to the former industrial sewer
inlet and the former NPDES-permitted outfall.

3.1.2 Current and Potential Future Land and Resource Uses

As previoudy noted, MSFC-044, Industriad Waste Treatment Basin, has been closed under RCRA.
Exigting foundations and structures within the site, as wdll as the underground piping, were removed
before backfilling. The Ste was protected from erosion by grassng. The Site has been maintained in a
grassy condition and is not used for any other purpose.
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

On March 15,1960, the Army granted irrevocable use and occupancy of the lands and facilities known
as MSFC to NASA for aterm of 99 years beginning on July 1, 1960, and ending on June 30, 2059.
The adjacent and surrounding lands to the north and east of OU-9 are contained within the MSFC
facility, are used for industrid purposes, and will continue to be used for industrid purposesin the
future. The adjacent lands to the west are owned and occupied by RSA and are adso designated for
industrid purposes. The WNWR is south of OU-9, however this area of the refuge is designated as
restricted access and is not readily accessible by the public.

Indian Creek and some smdll tributaries are west and south of OU-9. However, these areas have been
designated as no fishing zones because of previous contamination from sources other than MSFC. No
fishing sgns have been posted in these areas. These areas are outside the MSFC property boundary,
but within RSA, and access to the offgte public is restricted. In addition, most of the areaadong the
Creek isinaccessible because of overgrowth and is not conducive for recreational use.

The groundwater beneeth the siteis not currently used as a drinking water source. The groundwater
benegth this site does not pose any residentia risk, however future use of the groundwater as a drinking
water source is not anticipated.

3.1.3 Summary of Site Risks

In May 1998, one soil sample was collected a gpproximately 1 foot below the base of the unit into the
native soil from each of the 20 borings at M SFC-044. The investigation covered the basin area
(approximately 52,500 ft2). The actua base of the closed unit was determined for sampling purposes by
noting the depth within the boring & which fill soil changed to native materid. All of the sampleswere
collected above the water table.

Andytica datafor the observed parameters are summarized in the decison tablesin Appendix A. The
stes and sample locations are shown in Figure 3-2.

Risk-based Concentrations and Background Comparisons for Soils. Because no
organic congtituents were detected above RBCs, only concentrations of naturally occurring metals
warranted evauation. Inorganic constituents exceeding the background concentration included arsenic,
lead, manganese, mercury, and nickd. All of the exceedances were within an order of magnitude of the
background concentration. There was only one exceedance each of lead, manganese, and mercury.

Soil Leaching to Groundwater Comparisons. The only chemicas exceeding screening values
protective of groundwater were arsenic, lead, manganese, mercury, and nickd. All of the exceedances
were within an order of magnitude of the SSL. There was only one exceedance each of lead
manganese, and mercury. In addition, recent data from MSFC' s groundwater monitoring program at
the IWTF show that the mean concentrations detected for lead, manganese, and nickel were 5.03,

2.22, and 0.0419 milligrams per liter (mg/L). These values are below the maximum contaminant levels
(MCLs) or RBCsfor tap water. Mercury was not detected in the groundwater. No further investigation
of this pathway is warranted.

Residential Risk Assessment. The residentid risk assessment is detailed in Appendix B. The

MSFC-044 data are from subsurface soils; there are no COPCs for the surface soil. Assumptions used
for the subsurface soil exposure scenario are highly conservative because if
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

subsurface soils are excavated and become exposed, they are likely to have lower concentrations
because of mixing. In addition, the subsurface soil does not pose any risk beyond that resulting from
naturaly occurring arsenic levels. Arsenic is detected at a maximum concentration of 19.2 milligrams
per kilogram (mg/kg), which is smilar to the background concentration for arsenic of 13.6 mg/kg. The
expaosure point concentration (EPC for arsenic (upper confidence level 95 percent) is 12.9 mg/kg,
which is below background level. Therefore, the M SFC-044 potentid risks are below the background
risk levels. The overdl sSte risks under the most conservative risk estimation scenario are within the
acceptable limits and below the background leves. The Site soils do not present a human hedlth risk
under existing conditions and potential future use based on the data evaluated for this Site,

The steisnot located over aregiona groundwater contaminant plume. The groundwater was evauated
for human hedlth risks using data generated from the RCRA monitoring program. Only iron and
manganese were detected above both the background and a hedlth-based concentration level. The
human hedlth risk assessment concluded that the groundwater beneath the OU-9 sites does not present
ggnificant risks based on the hazard indexes evauated for iron and manganese. There were no
carcinogenic chemicals detected above background levelsin the groundwater.

The residentia human hedlth risk assessment concluded that the soil and groundwater at the Site do not
present human hedlth risks under existing conditions and potentia future use scenarios.

Ecological Risks. To have acompleted exposure pathway to ecologica receptors, the following
elements need to be present:

» A source of exposure
« An exposure pathway
» A receptor

M SFC-044 was closed under RCRA and no COPCs have been identified. In addition, the sites do not
have anatural setting that would provide habitat for ecologica receptors. Exposure to ecologica
receptors isincomplete, given the lack of anatura setting in which ecologica receptors would occur.

M SFC-044 does not have an ecological receptor exposure potential based on the data evauated for
the site and, therefore, no further evauation is warranted.

3.1.4 Description of the “No Further Action” Alternative

MSFC-044, Industrial Waste Treatment Basin, has been closed under RCRA. No further investigation
or remedid action is necessary for the soil or groundwater at this Ste for the protection of human hedth
or the environment, based on an analysis of available and pertinent information for MSFC-044
(IWTB). Therefore, the selected remedid dternative for the soil and groundwater at this Siteis NFA.
Thisdternative will conss of leaving the Site in its current condition. No additional sampling or
monitoring of the soils or groundwater will be necessary because the conditions a the Ste are
protective of human hedth and the environment.
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

No further post closure ingpection or maintenance activities or groundwater monitoring will be required
under RCRA as aresult of the NFA dterndive.

3.2 MSFC-045/046—Concentrate Receiving Tank and
Transfer Tank

3.2.1 Site Characteristics

The Concentrate receiving tank (M SFC-045) was operational from 1969 to 1984. The unit is located
in the southwestern part of the facility, north of the IWTB (MSFC-044). The unit isatank
approximately 64 ft by 85 ft and 4 to 8 ft deep. It islined with polyvinyl chloride (PVC) liner and is
supported on a concrete dab. The tank is covered by aroof that provides a 2-foot open space around
the unit. The unit received flows from the Building 4760 plating baths, which consisted of pickling and
plating liquors, drag-out, and dilute rinse waters. Waste-water was treated in this unit by neutralization
and precipitation using sodium hydroxide from the caugtic storage tank (MSFC-A). The meta
hydroxide water durry was thickened by a dewatering operation that included the use of a steam
evaporator. The dewatered dudge was transferred to the ultimate lagoons (M SFC-049 and 050) and
the condensate from the steam evaporator was discharged into the IWTB.

The transfer tank (M SFC-046) is a non-operationd in-ground tank that was operationa from 1969 to
1984. This concrete tank, located in the southwestern part of the facility and north of the IWTB
(MSFC-044), is gpproximately 29 ft by 24 ft and 3 to 6 ft deep. This tank received the neutralized
wagtewater from the concrete receiving tank and transferred it to the evaporator building. Some metal
hydroxide dudge accumulated in this tank. The resulting meta hydroxide dudge from the concentrate
receiving tank (MSFC-045) and transfer tank was routed to the East and West Ultimate Lagoons
(MSFC-049 and 050, respectively).

No previous sampling of these unitsis known to have occurred before the RI. Therefore, the RI
included investigating the possibility of a contaminant release to the surrounding surface and subsurface
soils. The wastewater stream received by the units contained metd plating waste from Building 4760.
This wastewater stream consisted mainly of metas and cyanide; thus, the COPCs for the surrounding
soils are metals (priority pollutant metas), cyanide, and hexavaent chromium. Groundwater
contamination is not considered probable because one unit is lined with concrete and the other is

PV C-lined. A review of existing documents does not show evidence that the units were cracked.
Current air releases dso are not considered probable because the tanks are no longer receiving waste.

MSFC-045 and M SFC-046 were investigated concurrently because the two units received the same
wastewater stream and because of the proximity of the Sites. The investigation covered approximately
11,300 ft2. In May 1996, 10 soil borings were installed at the site approximately 5 ft from the concrete
Sructures, as shown in Figure 3-3. A horizonta distance of 5 ft was selected because dug test datain
the clay resduum collected at the IWTF (NASA, 1992) led to estimated permeabilities that would
alow wastewater to migrate from the units at arate of approximately 0.001 foot per day (foot/day).

These units have been in place for gpproximately 25 years. Assuming that waste or water has seeped
from. the units over this entire time and that there has been no verticad migration,
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

the horizonta seepage would extend approximately 9% ft. The units were dosed 8 years ago, indicating
that the horizontal seepage of any waste remaining in the unit when it was taken offline would have
migrated approximatdy 3 ft from the units (assuming that there has been no vertical migration). An
unknown extent of vertical migration has occurred, thereby diluting the concentrations of the waste at
the outer migration point. Therefore, samples were collected closer to the units, but within the 3- to
9Y>-foot area of expected contamination. The distance of 5 ft was selected as a biased location for the

sampling.

Two soil samples were collected from borings SB09-006 through SB09-015 (20 samples)—one from a
depth of 0 to 12 inches and the second from a depth of approximately 1 foot below the base of the
structures or above the groundwater table, whichever was encountered firs.

Two samples collected from a southern boring (SB09-012) were analyzed for the TCL/TAL. The
remaining 18 samples (9 borings) were andyzed for the COPCs.

The samples collected from the southern boring were sdected for TCL/TAL analyses because the
topography of the IWTF dopes south; therefore, surface pills would migrate south. The
M SFC-045/046 data are from surface and subsurface soils.

3.2.2 Current and Potential Future Land and Resource Uses

As previoudy noted, M SFC-045/046, Concentrate Receiving Tank and Transfer Tank, are
non-operational tanks located at the former IWTF. Wastes were removed from the tanks when the
IWTF was taken out of service. The tanks have been left in place but are no longer in service.

Asnoted in Section 3.1.2, the Army has granted NASA an irrevocable lease of the MSFC facility
through June 30, 2059. The adjacent and surrounding lands are contained within MSFC or RSA, are
used for industria purposes, and will continue to be used for industrid purposesin the future. The
WNWR isto the south of OU-9, however this area of the refuge is designated as restricted access and
is not readily accessible by the public.

Indian Creek and some small tributaries are west and south of OU-9. However, these aress have been
designated as no fishing zones because of previous contamination from sources other than MSFC. No
fishing signs have been posted in these areas. These areas are outsde the M SFC property boundary,
but within RSA, and access to the offgite public is restricted. In addition, most of the area aong the
Creek isinaccessible because of overgrowth and is not conducive for recreational use.

Groundwater beneath the Site does not pose aresidentid risk, and is not currently used as a drinking
water source. Future use of the groundwater as adrinking water source is not anticipated.

3.2.3 Summary of Site Risks
Anaytica datafor the observed parameters are summarized in the decison tables in Appendix A. The
gtes and sample locations are shown in Figure 3-3.

Risk-based Concentrations and Background Comparisons for Soils. Because no
organic congtituents were detected above RBCs, only concentrations of naturally occurring metals
needed to be evauated. Noncarcinogens exceeding the background concentration and the
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

RBC for ingestion included cadmium, manganese, and nickd in the samples collected from the surface.
The maximum cadmium and manganese concentrations exceeded two times their average background
vaue, but are within the same order of magnitude of this vaue. The average cadmium va ue detected
during the sampling is smilar to the RBC.

Direct exposure to the ongite industria worker-based RBC vaue for nickd is 41,000 mg/kg at an Hi
valueof 1.0, and 4,100 at an HI of 0.1. The Site concentrations did not exceed these values.

Cadmium and nickel did not exceed the RBCs for residentia exposures, as presented in the EPA
Region 111 RBCs, indicating that a hazard quotient for this chemica below 1. The HI, which isthe sum
of the hazard quotients for al noncarcinogens detected at the Site, did not exceed 1, therefore, the
presence of multiple congtituents does not suggest arisk a thisSite.

Soil Leaching to Groundwater Comparisons. Chemicas exceeding screening vaues
protective of groundwater included acetone, barium, cadmium, and nickel. As noted in the data quality
evaudion in the RI Report, the acetone detections probably are from incomplete drying of the
isopropanol during decontamination procedures during the sampling event. Further evauation of arsenic
is not warranted. The concentrations detected of these other chemicals were within an order of
magnitude of the respective SSLs. In addition, recent data from MSFC' s groundwater monitoring
program at the IWTF show that the mean concentration detected for barium was 0.0692 mg/L. and
nickel was 0.0419 mg/L. All of these values are below the MCLs or RBCsfor tap water. Cadmium
was not detected in the groundwater. The difference between these values is negligible. No further
investigation of this pathway is warranted.

Residential Risk Assessment. Theresdentid risk assessment is detalled in Appendix B. The

M SFC-045/046 data are from subsurface soils; there are no COPCs for the surface soil. Assumptions
used for the subsurface soil exposure scenario are unredistic, because if subsurface soils are excavated
and become exposed, they are likely to have lower concentrations because of mixing. The second
important reason that these estimated risks are not consdered important is because they are mainly
from arsenic, which is naturally occurring in the Site soils. The risks estimated a 2 x 10 are from
arsenic detected in surface soil samples. The maximum observed arsenic concentration is 12 mg/kg,
compared to a surface soil background vaue of 10.9 mg/kg. The EPC value, described in Appendix B,
for arsenic is estimated a 9.51 mg/kg, which is below the background level. Thetotd Sterisks
therefore are below the background levels.

The siteis not located over aregiona groundwater contaminant plume. The groundwater was evauated
for human hedth risks usng data generated from the RCRA monitoring program. Only iron and
manganese were detected above both the background and a hedlth-based concentration level. The
human health risk assessment concluded that the groundwater beneath the OU-9 Sites does not present
ggnificant risks based on the hazard indexes evaluated for iron and manganese. There were no
carcinogenic chemicals detected above background levels in the groundwater.

The residentid human hedth risk assessment concluded that the soil and groundwater at the site do not
present human hedlth risks under existing conditions and potentid future use scenarios.
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

Ecological Risks. The potentia source of exposure attributable to these Stes is waste that may
have saturated soils adjacent to the tanks. Ecological receptors are unlikely to be exposed to
subsurface soils. Surface soils represent the most significant potentid exposure medium. Anayses of
shdlow boring samples indicated the presence of inorganic congtituents and some organic chemicas.
The organic chemicals were detected at low concentrations, and severd of these chemicas are unlikely
to perast given their volatile characterigics. Of the list of inorganic congtituents detected, only
auminum, cadmium, chromium, copper, cyanide, iron, manganese, nickd. and slver were above
comparable background concentration levels. Aluminum and iron are common elements, while copper
and manganese are essentid eements. In addition, these congtituents were not present at sufficient
quantities to cause adverse effects on exposed receptors. The remaining congtituents of chromium,
cyanide, nickel, and slver are of concern if present at sufficient quantities to cause adverse effects on
exposed receptors.

The concentrate receiving tank and transfer tank (M SFC-045, and 046) do not provide anatura
setting that would provide a habitat for ecological receptors. The area outside these Sites may provide
some natural resources that ecological receptors could use. However, exposure to ecological receptors
isincomplete, given the lack of anatura setting in which ecological receptors would occur. MSFC-045
and 046 do not, have an ecologica receptor exposure potentia, based on the data evaluated for this
dte and, therefore, no further evauation is warranted.

3.2.4 Description of the “No Further Action” Alternative

M SFL-045/046, Concentrate Receiving Tank and Transfer Tank, are non-operationa tanks located at
the former IWTF. No further investigation or remedid action for the soils or groundwater is necessary
for the protection of human hedlth or the environment, based on an analysis of available sample results
and pertinent information. Therefore, the selected remedid dternative for the soils and groundweter at
OU-9isNFA. No additiona sampling or monitoring of the soils or groundwater will be necessary
because the conditions at the Ste are protective of human hedth and the environment.

No further groundwater monitoring will be required under RCRA as aresult of the NFA dternative.

3.3 MSFC-047%Hydrostatic Dump Lagoon

3.3.1 Site Characteristics

The hydrogtatic dump lagoon (M SFC-047) is a non-operationd, clay-lined settling lagoon. The unit is
approximately 300 ft by 71 ft and 4 ft deep (2,130 ft?). Rinse water and spray paint booth wastewater
from Building 4760 were discharged to the mix tank, where the pH was adjusted before the contents
were discharged into this unit. The water in the unit was dlowed to evaporate and was not discharged
to any receiving streams or other trestment units.

No previous sampling of this unit is known to have occurred before the RI. The RI included

investigating the possbility of a contaminant release to the surrounding surface and subsurface soils. The
wadtewater stream received by the unit contained meta plating waste
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

from Building 4760. This wastewater stream conssted mainly of metals and cyanide; thus, the COPCs
for the surrounding soils are metals, cyanide, and hexavadent chromium. Groundwater contamination is
not considered probable because the unit is day-lined. Current air releases also are not considered
probable because the lagoon is no longer recelving waste.

3.3.2 Current and Potential Future Land and Resource Uses

As previoudy noted, MSFC-047 is a clay-lined settling lagoon that is non-operationa. Wastes were
taken out of the unit when the IWTF was taken out of service. The unit was left in place but is no longer
in sarvice.

As noted in Section 3.1.2, the Army has granted NASA an irrevocable lease of the MSFC facility
through June 30, 2059. The adjacent and surrounding lands are contained within MSFC or RSA, are
used for industria purposes, and will continue to be used for industrid purposes in the future. The
WNWR is to the south of OU-9, however this area of the refuge is designated as restricted access and
is not readily accessible by the public.

Indian Creek and some small tributaries are west and south of OU-9. However, these areas have been
designated as no fishing zones because of previous contamination from sources other than MSFC. No
fishing signs have been posted in these areas. These areas are outside the MSFC property boundary,
but within RSA, and access to the offgte public is restricted. In addition, most of the area aong the
Creek isinaccessible because of overgrowth and is not conducive for recreational use.

Groundwater beneath the site does not pose aresidentid risk, and is not currently used as a drinking
water source. Future use of the groundwater as adrinking water source is not anticipated.

3.3.3 Summary of Site Risks

In May 1996, 10 soil borings were ingtdled ingde the lagoon (biased locations), as shown in Figure
3-4. Two soil samples were collected from borings SB09-021 through B09-030 (20 samples): one
from a depth of 0 to 12 inches and the second from a depth immediately above the water table or 5 ft,
whichever was encountered first. Nine of the borings (18 samples) were analyzed for the COPCs. Two
samples from a centraly located boring (SB09-26) were analyzed for the TCL/TAL. Centrdly located
samples from the lagoon provided the most conservative sampling approach for TCL/TAL andyss.

Anaytica datafor the observed parameters are summarized in the decison tables in Appendix A. The
gte and sample locations are shown in Figure 3-4.

Risk-based Concentrations and Background Comparisons for Soils. Because no
organic condtituents were detected above RBCs, only concentrations of naturaly occurring metals
warranted evauation. Noncarcinogens exceeding the background concentration and the RBC for
ingestion (which is 10 percent of the Region 11 RBC) included manganese. Manganese was exceeded in
the samples collected approximately 6 ft below ground surface (bgs). Deeper samples are not available
for direct exposure and do not warrant additiond investigation.
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

Soil Leaching to Groundwater Comparisons. The only chemicd exceeding screening vaues
protective of groundwater was barium (180 mg/kg). Recent data from MSFC' s groundwater
monitoring program at the IWTF show that the mean concentration detected for barium was 0.0692
mg/L. Thisvadueisbeow the MCL of 1 mg/L. No further investigation of this pathway is warranted.

Residential Risk Assessment. Asdetalled in Appendix B, the residentid risk assessment for the
soils resulted inrisk of 3x 107 and an HI of 0.07 for ahypothetical adult resident and an HI of 0.95
for ahypothetica child resident.

The siteis not located over aregiona groundwater contaminant plume. The groundwater was eva uated
for human hedlth risks usng data generated from the RCRA monitoring program. Only iron and
manganese were detected above both the background and a hedlth-based concentration level. The
human hedlth risk assessment concluded that the groundwater beneath the OU-9 sites does not present
sgnificant risks based on the hazard indexes evaduated for iron and manganese. There were no
carcinogenic chemicals detected above background levelsin the groundwater.

The resdentia human hedlth risk assessment concluded that the soil and groundwater at the Site do not
present human hedth risks under existing conditions and potentia future use scenarios.

Ecological Risks. The potential source of exposure attributable to the hydrostatic dump lagoon is
wadte that may have saturated soils within the lagoon. Surface soils within the lagoon represent the most
ggnificant potentia exposure medium to ecological receptors.

Andysis of shalow boring samples indicated the presence of chromium, cyanide, and nickd at levels
just above background concentration levels.

The hydrogtatic dump lagoon does not have a natura setting that would provide any habitat for
ecologica receptors. Given the limited nature and extent of the parameter occurrence and the lack of a
natural setting in which ecologica receptors would occur, exposure to ecological receptorsis
incomplete. M SFC-047 does not have an ecologica receptor exposure potential based on the data
evauated for this Ste and, therefore, no further evaluation, is warranted.

3.3.4 Description of the “No Further Action” Alternative

MSFC-047, Hydrogtatic Dump Lagoon, is a non-operationd lagoon located at the former IWTF. No
further investigation or remedia action for the soils or groundwater is necessary for the protection of
human hedlth or the environment, based on an analysis of available sample results and pertinent
information for this Ste. Therefore, the selected remedid aternative for the soils a the SteisNFA. No
additiona sampling or monitoring of the soils or groundwater will be necessary because the conditions
a the Ste are protective of human hedth and the environment.

No further groundwater monitoring will be required under RCRA as aresult of the NFA dternative.
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3.4 MSFC%048-Mix Tank

3.4.1 Site Characteristics

The concrete mix tank (M SFC-048) is a non-operationa tank in the northeastern corner of the
hydrostatic dump lagoon (MSFC-047). The tank is 20 ft by 14 ft and 8v4 ft deep (280 ft?). Industria
rinse water was used to clean out the plating waste residue in the pipes after the plating wastes were
trandferred to the IWTF from Building 4760. This unit received the rinse water, dong with waste
associated with the spray paint booth located in Building 4760. The rinse water was treated with
sodium hydroxide from the caustic storage tank (MSFC-A) to adjust the pH to arange of 7.0to 7.5.
The water was then discharged into the hydrogtatic dump lagoon.

No previous sampling of this unit is known to have occurred before the RI. Congderation was given to
the possibility that subsurface soil may have been contaminated by |leaching organic compounds and
metals. The wastewater received by this unit conssted mainly of metas and cyanide; thus, the COPCs
for the surrounding soils are metds, cyanide, and hexavdent chromium. Groundwater contamination is
not considered probable because the unit is lined with concrete. Current air releases also are not
considered probable because the tank is no longer recaiving waste.

3.4.2 Current and Potential Future Land and Resource Uses

MSFC-048, Mix Tank, is anon-operational tank located at the former IWTF. Wastes were removed
from the tank when the IWTF was taken out of service. The tank was |eft in place but isno longer in
sarvice.

Asnoted in Section 3.1.2, the Army has granted NASA an irrevocable lease of the MSFC facility
through June 30, 2059. The adjacent and surrounding lands are contained within MSFC or RSA, are
used for industrid purposes, and will be continue to be used for industrid purposes in the future. The
WNWR is to the south of OU-9, however this area of the refuge is designated as restricted access and
is not readily accessible by the public.

Indian Creek and some smdll tributaries are west and south of OU-9. However, these aress have been
designated as no fishing zones because of previous contamination from sources other than MSFC. No
fishing signs have been posted in these areas. These areas are outside the MSFC property boundary,
but within RSA, and access to the offsite public is restricted. In addition, most of the area aong the
Creek isinaccessible because of overgrowth and is not conducive for recreational use.

Groundwater benegth the Site does not pose aresdentid risk, and is not currently used as adrinking
water source. Future use of the groundwater as adrinking water source is not anticipated.

3.4.3 Summary of Site Risks

Five soil borings were indtaled at the Site gpproximately 5 ft from the concrete structure, as shown in
Figure 3-5. A horizontd distance of 5 ft was selected because dug test datain the clay resduum
collected at the IWTF (NASA, 1992) led to estimated permeabilities that
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would dlow wastewater to migrate from the units a arate of gpproximately 0.001 foot/day.

The tank was inspected at the time of sampling and appeared to be intact, which indicates that seepage
of waste from the unit over time was not expected. However, for the purposes of this assessment it was
assumed that waste or water has seeped from the unit. Assuming that waste or water has seeped from
the unit with no verticd migration during the 25 years the unit has been in operation the horizonta
seepage would extend approximately 92 ft. The unit was closed 8 years ago, indicating thet the
horizontd segpage of any waste remaining in the unit when it was taken offline would have migrated
goproximatdy 3 ft from the unit (assuming there has been no vertical migration). Assuming no vertica
migration is a consarvative assumption and provides for the maximum amount of horizontal seepage. If
it is assumed that vertical migration has occurred, the concentrations of waste at the outer edge of the
migration plume would be even further diluted. Therefore, samples were collected closer to the unit, but
within the 3- to 9% foot area of expected contamination.

Two soil sampleswere collected from borings SB09-019 through SB09-020 (10 samples): one from a
depth of 0 to 12 inches and the second from a depth of gpproximately 1 foot below the base of the
dructure or immediately above the groundwater table whichever was encountered firgt. Eight samples
collected from four of the borings were andyzed for the COPCs. The two remaining samples collected
from one of the borings (SB09-019) located on the southern side were andyzed for the TCL/TAL. The
samples collected from this boring were selected for TCL/TAL analyses because the topography of the
IWTF dopes south; therefore, surface spills would migrate south. The investigation area covered
approximately 1,100 ft2.

Anaytical datafor the observed parameters are summarized in the decison tablesin Appendix A. The
gte and sample locations are shown in Figure 3-5.

Risk-based Concentrations and Background Comparisons for Soil. Because no
organic congtituents were detected above RBCs, only concentrations of naturaly occurring metals
warranted evauation. Noncarcinogens exceeding the background concentration and the RBC for
ingestion (which is 10 percent of the Region |11 RBC) included manganese. Manganese was exceeded
in the samples collected a the surface and in the samples collected gpproximately 6 ft bgs. The
maximum manganese concentration exceeded its background value, but was within the same order of
magnitude of thisvdue.

Soil Leaching to Groundwater Comparisons. Chemicds exceeding screening vaues
protective of groundwater included barium and manganese. Recent data from MSFC' s groundwater
monitoring program at the IWTF show that the mean concentration detected for barium was 0.0692
mg/L and for manganese was 2.2 mg/L. These vaues are below the MCLs or RBCsfor tap water. No
further invedtigation of this pathway is warranted.

Residential Risk Assessment. Asdetalled in Appendix B, the residentid risk assessment for the
soils resulted in arisk of 1 x 1019 and an HI of 0.03 for a hypothetical adult resident and an HI of 0.20
for ahypothetica child resident.

The steis not located over aregiona groundwater contaminant plume. The groundwater was evauated
for human hedlth risks using data generated from the RCRA monitoring
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

program. Only iron and manganese were detected above both the background and a health-based
concentration level. The human hedth risk assessment concluded that the groundwater benegth the
OU-9 sites does not present significant risks based on the hazard indexes evaduated for iron and
manganese. There were no carcinogenic chemicals detected above background levelsin the
groundwater.

The residentid human hedth risk assessment concluded that the soil and groundwater at the Site do not
present human hedlth risks under existing conditions and potentid future use scenarios.

Ecological Risks. The potentid source of exposure attributable to the mix tank is waste that may
have saturated soils adjacent to the tank. Surface soils outside the tank represent the most significant
potentia exposure medium to ecologica receptors. Analyses of shalow boring samplesindicated the
presence of cyanide, manganese, nickd, and slver at levelsjust above background concentration
levels. It should be noted that manganese is an essential e ement.

The mix tank does not provide a natura setting that would provide any habitat for ecologica receptors.
Given the limited nature and extent of the parameter occurrence and the lack of anaturd setting in
which ecologica receptors would occur, exposure to ecologica receptors isincomplete. M SFC-048
does not have an ecologica receptor exposure potential based on the data eva uated for this Site and,
therefore, no further evaluation is warranted.

3.4.4 Description of the “No Further Action” Alternative

MSFC-048, Mix Tank, isanon-operationd tank located at the former IWTF. No further investigation
or remedid action for the soils or groundwater is necessary for the protection of human hedth or the
environment, based on an analyss of available soil sample results and pertinent information for the Site.
Therefore, the sdlected remedid dternative for the soils and groundwater at the Steis NFA. No
additiond sampling or monitoring of the soils or groundwater will be necessary because the conditions
a the Ste are protective of human hedth and the environment.

No further groundwater monitoring will be required under RCRA as aresult of the NFA dternative.

3.5 MSFC-049/050% East and West Ultimate Lagoons

3.5.1 Site Characteristics

The East Ultimate Lagoon (M SFC-049) was constructed in 1967 and continued in operation until
1975. The lagoon’s liner was congtructed of concrete that was 4 inches thick and had an impervious,
chemica-resstant Hypaon liner bonded to its surface. The rectangular lagoon bottom was 30 ft by 83
ft, and the walls sloped outward toward the top of the basin, which was 123 ft by 70 ft (8,610 ft?).

The West Ultimate Lagoon (M SFC-050) was in operation between 1972 and 1979. The unit had a

PV C liner supported by a soil and sand underliner and adrain system that collected leachate. The unit
was covered by aroof to reduce the entrance of rainwater. The rectangu-

3-19



3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

lar lagoon bottom was 30 ft by 68 ft, and the walls doped outward toward the top of the basin, which
was 99 ft by 61 ft (approximately 6,040 ft?).

The units were used for dewatering and long-term storage of meta hydroxide dudge and other waste
generated from the wastewater treatment system.

M SFC-049 and M SFC-050 (Figure 3-6) were closed in accordance with RCRA regulations and
certified in January 1990. These closures are described in the Post-Closure Permit Application for
the Ultimate Lagoons and IWTB (1988).

Existing foundations and structures within the sites, as well as the underground piping, were removed
before backfilling. All sanding water and dudges were removed and drummed for offsite digposdl.
Demolished materia was broken into small pieces and placed in the lagoons asfill materid. The
remaining excavation was backfilled with ahigh clay content, low-permesbility soil. A clay cap was
placed over the backfill to provide alow-permeability barrier to infiltration. The Ste was protected from
eroson by grassng. A layer of topsoil was placed over the cap and seeded with common Bermuda
grass seed. Lime, fertilizer, and mulch aso were used to promote grass establishment.

3.5.2 Current and Potential Future Land and Resource Uses

MSFC-049 and M SFC-050 have been closed under RCRA. Existing foundations and structures within
the site, as well as the underground piping, were removed before backfilling. The Ste was protected
from erosion by grassing. The Site has been maintained in agrassy condition and is not used for any
other purpose.

Asnoted in Section 3.1.2, the Army has granted NASA an irrevocable lease of the MSFC facility
through June 30, 2059. The adjacent and surrounding lands are contained within MSFC or RSA, are
used for industria purposes, and will continue to be used for industrid purposesin the future. The
WNWR isto the south of OU-9, however this area of the refuge is designated as restricted access and
is not readily accessible by the public.

Indian Creek and some small tributaries are west and south of OU-9. However, these aress have been
designated as no fishing zones because of previous contamination from sources other than MSFC. No
fishing signs have been posted in these areas. These areas are outsde the M SFC property boundary,
but within RSA, and access to the offgite public is restricted. In addition, most of the area aong the
Creek isinaccessible because of overgrowth and is not conducive for recreational use.

Groundwater beneath the Site does not pose aresidentid risk, and is not currently used as a drinking
water source. Future use of the groundwater as adrinking water source is not anticipated.

3.5.3 Summary of Site Risks

In May 1998, one soil sample was collected at approximately 1 foot below the base of the unitsinto the
native soil from each of the 10 borings at M SFC-049/050. The investigation covered the combined
lagoon area of approximately 30,000 ft2 The actua base of the closed units was determined for
sampling purposes by noting the depth within the boring at which fill soil changed to native materid. All
of the samples were collected above the water table. One sample (SB09-55) was analyzed for the
TCL/TAL parameters. The soil boring was
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

selected for TCL/TAL analysis because the IWTF dopes south; therefore, surface spills probably
would migrate downgradient. The nine remaining samples were andyzed for the COPCs. The
M SFC-049/050 data are from subsurface soils; there are no COPCs for the surface soil.

Anaytica datafor the observed parameters are summarized in the decison tables in Appendix A. The
dte and sample locations are shown in Figure 3-6.

Risk-based Concentrations and Background Comparisons for Soils. Because no
organic congtituents were detected above RBCs, only concentrations of naturally occurring metals
warranted evauation. Inorganic congtituents exceeding the background concentration included arsenic,
lead, manganese, and nickd. There was only one exceedance of each of the congtituents. In addition,
the lead and manganese exceedances were within an order of magnitude of the background
concentrations.

Soil Leaching to Groundwater Comparisons. The only chemicas exceeding screening vaues
protective of groundwater were lead, manganese, and nickel. There was only one exceedance of each
of the condtituents. Recent data from MSFC' s groundwater monitoring program at the IWTF show that
the mean concentrations detected for barium, lead, manganese, and nickel were 0.0692, 5.03, 2.99,
and 0.0419 mg/L, respectively. These values are below the MCL or RBC for tap water. No further
investigation of this pathway is warranted.

Residential Risk Assessment. Asdetalled in Appendix B, the resdentid risk assessment for the
soils resulted in an HI of 0.02 for a hypothetica. adult resdent and an HI of 0.02 for a hypothetica
child resdent. There was no risk assessment performed for surface soils.

The dteis not located over aregiond groundwater contaminant plume. The groundwater was evauated
for human health risks usng data generated from the RCRA monitoring program. Only iron and
manganese were detected above both the background and a hedlth-based concentration level. The
human hedlth risk assessment concluded that the groundwater beneath the OU-9 sites does not present
sgnificant risks based on the hazard indexes evauated for iron and manganese. There were no
carcinogenic chemicals detected above background levels in the groundwater.

The residentid human hedth risk assessment concluded that the soil and groundwater at the Site do not
present human hedlth risks under existing conditions and potentid future use scenarios.

Ecological Risks. No COPCs have been identified because these units were closed under RCRA.
In addition, the Sites do not have a natural setting that would provide habitat for ecological receptors.
Exposure to ecologica receptors is incomplete, given the lack of anatura setting in which ecological
receptors would occur. MSFC-049 and 050 do not have an ecological receptor exposure potentid,
basad on the data evaluated for the Site and, therefore, no further evauation is warranted.

3.5.4 Description of the “No Further Action” Alternative

MDFC-049 and 050 (East and West Ultimate Lagoons) have been closed under RCRA and are
non-operationd. No further investigation or remedia action is necessary for the soil or groundwater at
these Stesfor the protection of human heslth or the environment, based an
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andysis of available pertinent information for these sites. Therefore, the selected remedia aternative for
the soil and groundwater a these sitesis NFA. No additional sampling or monitoring of the soil or
groundwater at these Steswill be necessary because the conditions at the Sites are protective of human
hedlth and the environment.

No further post closure ingpection or maintenance activities or groundwater monitoring will be required
under RCRA as aresult of the NFA dternative.

3.6 MSFC-A-Caustic Storage Tank

3.6.1 Site Characteristics

The storage tank (M SFC-A) was a sodium hydroxide (caustic) underground storage tank (UST) used
from 1969 to 1984. The unit was equipped with a control vave to regulate the inflow of caugtic solution
to the concrete recalving tank (MSFC-045). The tank is ill in place, dthough it is non-operationd.
This galvanized stedd UST has a diameter of 4 ft and is approximately 10 to 12 ft deep. The area of
investigation was approximatdly 15 ft by 15 ft (225 ft?).

No previous sampling of this unit is known to have occurred before the RI. Congderation was given to
the possibility that subsurface soil may have been contaminated by leaching organic compounds and
metals from surrounding Sites. The wastewater received by the surrounding units consisted mainly of
metals and cyanide; thus, the COPCs for the surrounding soils are meta's, hexavaent chromium, and
cyanide. Groundwater contamination is not consdered probable because the unit is a gavanized sed
UST. Current air releases also are not considered probable because the tank is empty and no longer
used.

3.6.2 Current and Potential Future Land Resource Uses
MSFC-A was a sodium hydroxide (caugtic) UST that is non-operational. The tank was |eft in place but
isno longer inuse.

Asnoted in Section 3.1.2, the Army has granted NASA an irrevocable lease of the MSFC facility
through June 30, 2059. The adjacent and surrounding lands are contained within MSFC or RSA, are
used for industrid purposes, and will continue to be used for industrid purposes in the future. The
WNWR is to the south of OU-9, however this area of the refuge is designated as restricted access and
is not readily accessble by the public.

Indian Creek and some small tributaries are west and south of OU-9. However, these areas have been
designated as no fishing zones because of previous contamination from sources other than MSFC. No
fishing Signs have been posted in these areas. These areas are outside the M SFC property boundary,
but within RSA, and access to the offsite public is restricted. In addition, most of the area aong the
Creek isinaccessible because of overgrowth and is not conducive for recreationa use.

Groundwater beneath. the Site does not pose aresdentia risk, and is not currently used as adrinking
water source. Future use of the groundwater as adrinking water source is not anticipated.
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

3.6.3 Summary of Site Risks

In May 1996, five soil borings were indalled at the Site gpproximately 5 ft from the tank, as shown in
Figure 3-7. A horizontal distance of 5 ft was selected because dug test datain the clay resduum
collected at the IWTF (NASA, 1992) led to estimated permeabilities that would alow wastewater to
migrate from the units a arate of approximately 0.001 foot/day.

The unit has been in place for gpproximatdy 25 years. Assuming that waste or water has seeped from
the unit over this entire time and that there has been no vertical migration, the horizontal seepage would
extend gpproximatdy 9v2 ft. The unit was closed 8 years ago, indicating that the horizonta seepage of
any wadte remaining in the unit when it was taken offline would have migrated approximately 3 ft from
the unit (assuming that there has been no vertica migration). An unknown extent of vertica migration
has occurred, thereby diluting the concentrations of the waste at the outer migration portion. Therefore,
samples were collected closer to the unit, but within the 3- to 9% -foot area of expected contamination.
The distance of 5 ft was selected as a biased |location for the sampling.

Two soil samples were collected from borings SB09-001 through SB09-005 (10 samples): onefrom a
depth of 0 to 12 inches and the second from a depth of approximatdy 1 foot below the base of the
tank or immediately above the groundwater table, whichever was encountered first. Eight samples
collected from four of the borings, were andyzed for the COPCs (metds, hexavdent chromium, and
cyanide). The two remaining samples collected from one of the borings (SB09-003) located on the
southern side were analyzed for the TCL/TAL.

The samples collected from the southern boring were selected for TCL/TAL andyses because the
topography of the IWTF dopes south; therefore, surface spills would migrate south.

Anadytica datafor the observed parameters are summarized in the decison tablesin Appendix A. The
gte and sample locations are shown in Figure 3-7.

Risk-based Concentrations and Background Comparisons for Soils. Because no
organic congtituents were detected above RBCs, only concentrations of naturally occurring metals
needed to be eva uated. Noncarcinogens exceeding the background concentration and the RBC for
ingestion (which is 10 percent of the Region 11 RBC included cadmium and manganese. These
exceeded these vaues only in samples collected at approximately 6 ft bgs. The maximum cadmium and
manganese concentrations exceeded their background values, but were within the same order of
magnitude of their respective vaues. The maximum concentration of cadmium detected (4.4 mg/kg) is
samilar to the RBC of 3.9 mg/kg; aso, degper samples are not available for direct exposure and do not
warrant additiona investigation.

Cadmium did not exceed the RBCs for industrid and residential receptor exposures, as presented in
the EPA Region |11 RBCs, indicating a hazard quotient chemical below 1.

Soil Leaching to Groundwater Comparisons. Chemicas exceeding screening vaues

protective of groundwater included acetone, barium, chromium, manganese, and nickd. As noted in the
data quality eva uation, the acetone detections probably are from incomplete
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3. SITE-SPECIFIC DECISION SUMMARY FOR OU-9

drying of the isopropanol during decontamination procedures during the sampling event. Further
evauation of acetoneis not warranted.

Recent data from MSFC'’ s groundwater monitoring program &t the IWTF showed that the mean
concentrations detected for barium, manganese, and nickel were 0.0692, 2.22, and 0.0419 mg/L,
respectively. These values are below the MCLs or RBCs for tap water. Chromium was not detected
during the groundwater sampling. Further investigation of this pathway is not warranted.

Residential Risk Assessment. Asdetaled in Appendix B, the resdentid risk assessment for the
soils resulted in arisk of 7 x 10 and an HI of 0.10 for a hypothetica adult resident and an HI of 0.60
for ahypotheticd child resident.

The dteis not located over aregiond groundwater contaminant plume. The groundwater was evauated
for human hedlth risks using data generated from the RCRA monitoring program. Only iron and
manganese were detected above both the background and a hedlth-based concentration leve. The
human hedlth risk assessment concluded that the groundwater beneath the OU-9 sites does not present
sgnificant risks based on the hazard indexes evaduated for iron and manganese. There were no
carcinogenic chemicals detected above background levelsin the groundwater.

The residentia human hedlth risk assessment concluded that the soil and groundwater at the Site do not
present human hedth risks under exigting conditions and potentia future use scenarios.

Ecological Risks. The potentia source of exposure attributable to the caustic storage tank iswaste
that may have saturated soils adjacent to the tank. The tank is underground and does not provide an
immediate source of exposure. Only wastes that have leaked and saturated the soils to the surface are
of potentiad concern to ecological receptors. An andysis of shalow boring samplesindicated the
presence of cyanide at aleved just above background concentration levels. The caugtic storage tank
does not provide a natura setting that would provide a habitat for ecologica receptors. Thetank is
placed in a physicaly disturbed setting characterized as an industria setting. Exposure to ecologica
receptorsis incomplete, given the lack of anaturd setting in which ecologica receptors would occur.
MSFC-A does not have an ecological receptor exposure potentia, based on the data evaluated for the
gte and, therefore, no further evaluation is warranted.

3.6.4 Description of the "No Further Action Alternative"

MSFC-A, Caustic Storage Tank, is anon-operationa tank located at the former IWTF. No further
investigation of the soils or remedid action for the soils or groundwater is necessary for the protection
of human hedth or the environment based an anadlyss of available soil sample results and pertinent
informetion for the Ste. Therefore, the selected remedia dternative for the soils or groundwater at the
gteisNFA. No additiond sampling or monitoring of the soils or groundwater will be necessary
because the conditions at the Site are protective of human hedth and the environment. No further
groundwater monitoring will be required under RCRA as aresult of the NFA dternative.
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3.7 Groundwater Summary

Asdetaled in Appendix B, aconsarvative residentia risk assessment for the soils and groundwater a
OU-9 was performed. Soil data from each Site were evauated separately, and summaries of the risk
assessment are included in the data evaluation for each Site in this section. The groundwater data were
evaduated on an OU-wide bas's; the summary of the groundwater risk assessment is presented in this
subsection.

The groundwater COPCs selected included iron and manganese. These two inorganic chemicals were
the only chemicals detected above background and a health-based concentration level. They are
distributed in groundwater across MSFC at Smilar concentrations as those observed in the wells a the
IWTF. The MSFC background wells may not be truly representative of MSFC hydrogeologica
conditions that may have naturaly devated levels of these background congtituents.

The exposure assessment was completed to characterize the potential for exposure to Ste-related
COPCsto afuture hypothetica resident. The results of the exposure assessment are represented as
chronic dally intakes (CDIs) for carcinogenic or noncarcinogenic endpoints specific to each COPC and
receptor identified. The groundwater benesth OU-9 is not currently used, and it is unlikely to be used
for potable purpose in the future. Much of the Ste’ s shdlow groundwater islikdly to release to the
downgradient stream and wetlands (possibly springs). At ADEM’ s request, a conservative human
hedlth evauation was performed using a future hypothetica resdentia receptor exposure scenario for
exposures to soils and groundwate.

The toxicity assessment revealed that there were no carcinogenic COPCsin Site groundwater.

The risk characterization included the qualitative and quantitative evaluation of potentia risks associated
with COPCS detected in the groundwater beneath OU-9. The groundwater data indicate that the
groundwater is mosily free of organic contamination. Only naturaly occurring inorganic chemicals were
detected. There were no carcinogenic chemicals detected above background in the groundwater. Thus,
only anoncarcinogenic HI was estimated for a hypothetical adult and a child. The total HI from the
average observed iron and manganese concentrations was 0.6 for an adult, which is below a vaue of
1.0; it was 1.4 for achild, which is dightly above avadue of 1.0. Though the HI was dightly greeter than
1.0, the risks associated with iron and manganese are considered acceptable because iron and
manganese are nutritionaly essentia for human metabolism and the concentrations are not present at
high enough levels to pose arisk to human hedth.

The groundwater benesth OU-9 was free of organic contamination. Concentrations of afew naturally
occurring chemicals were detected above background concentrations in the groundwater beneath
OU-9. Thereis no direct exposure to the ecologica receptors at the unit. Most of the groundwater
monitoring wells are shalow (residuum) wells. The resduum groundwater data are indicetive of the
groundwater that may discharge to surface water (Sorings and/or streams such as Indian Creek) in the
vicinity of OU-9. Therefore, the groundwater-detected concentrations were compared directly to the
federa ambient water quaity criteria (AWQC) (Tier 11) for surface water. This comparison is
consarvative because groundwater discharging to the surface will mix with groundwater from the
regiona
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aquifer and surface water. The concentration at the surface will be lower than in the groundwater asa

result of thisdilution. On the basis of this conservative screening comparison, only manganese was

detected frequently above the AWQC concentration for comparison. The freshwater aguetic criterion
published by Region 111 EPA is14.5 mg/L, and the mean manganese concentration is below thisvaue,

The other inorganic chemicas either were smilar to background levels or were infrequently detected

(Table 3-2). Thus, release of the site groundwater to the surface water bodies or deeper groundwater
from beneath the unit is not considered to present an ecological concern.

TABLE 3-2

Surface Water Ecological Criteria Comparison With Groundwater

OU-9 Record of Decision

Parameter Number of Number of Mean of

Name Analyses Detects Units  Background AWQC
Barium 78 74 6.92E-02 mg/L 4.13E-02 N/A
Copper 78 1 1.60E-02 mg/L N/A 6.54E-03
Iron 78 77 2.27E+00 mg/L  4.64E+00 1.00E+00
Lead 78 1 5.03E+00 mg/L 2.80E-03 1.32E-03
Magnesium 78 77 8.33E+00 mg/L  7.22E+00 N/A
Manganese 78 57 2.22E+00 mg/L  2.16E-01 N/A
Nickel 78 24 4.19E-02 mg/L 3.54E-02 8.77E-02
Potassium 78 77 1.06E+00 mg/L  2.62E+00 N/A
Sodium 78 77 8.98E+00 mg/L  8.04E+00 N/A
Zinc 78 13 2.29E+00 mg/L 9.21E-02 5.89E-02
Notes:

N/A = no value available
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SECTION 4
Responsiveness Summary

This section of the ROD is reserved to address comments from the genera public regarding the
Proposed Plan for MS-C OU-9 Sites (NASA, May 1999).

An opportunity for public discusson and comment was provided during a public information meeting on
September 13, 1999. A 30-day forma public comment period aso was provided from September 6,
1999, to October 5, 1999. No public comments were received.
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Response to Agency Comments on the Draft OU-9
Record of Decision

EPA Comments

Comment 1: On the figures located throughout the document, the legends identify the soil
samples analyzed for Total Compound List/Total Analyte List (TCL/TAL) with a large gray
circle. Thelegends also contain a smaller black circle that represent other soil sampling
locations whose analytes are not identified. According to the text, the other samples are
analyzed for the contaminants of potential concern (COPCs) identified at the site. However, this
information is not provided on any of the figures. For clarity, the figures should include
additional information that distinguishes the two types of sample locations from one another.
For example, the figures also should state that the smaller black circlesindicate sample
locations in which samples were analyzed for only COPCs at the site.

Response: The legend on each figure will be modified to indicate that the small black circles are * Sall
Samples Analyzed for COPCs'.

Comment 2: Indian Creek and some smaller tributaries located west and south of OU-9 are
discussed in the text. It is stated that these areas have been designated as no fishing zones due to
previous contamination sources. However, it is not clear whether accessto these areasis
restricted and/or signs are posted to advise against fishing in these areas. This information
should be included in the text.

Response: Inthe Current and Potentiad Future Land and Resources Uses, the paragraph regarding
Indian Creek will be revised asfollows:

Indian Creek and some smdll tributaries are located west and south of OU-9. However, these areas
have been designated as no fishing zones because of previous contamination from sources other than
MSFC. No fishing signs have been posted in these areas. These areas are located outside the MSFC
property boundary, but within RSA, and access to the offsite public is restricted. In addition, most of
the area along the creek isinaccessible because of overgrowth and is not conducive for recregtiona
use.

ADEM Comments

Comment (page 3-1): NFA for CERCLA does not mean NFA for RCRA. You still have to go
through the clean closure of RCRA to have NFA. Even though we are working oil the sites under
CERCLA, they dtill are being tracked by RCRA. This means that any requirements under RCRA
still apply, including, monitoring requirements if applicable. The sites can receive NFA for
CERCLA without clean closure for RCRA. For example, if the ROD were for land use controls,
the sites would still be under RCRA for non-clean closure. Another example would beif a
contamination limit were higher for CERCLA than for RCRA. In this situation you could get
NFA for CERCLA if the detection was above the limit, whereas RCRA would still see arisk.
What we arereally looking for is
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RESPONSE TO AGENCY COMMENTS ON THE DRAFT OU-9 RECORD OF DECISION

that the new data is such that we can get clean closure under RCRA, and really nothing more.
When you submit the data, | will review it for CERCLA, and also take it to RCRA people for
their help reviewing it for RCRA requirements. In the event that the new data comes up “ clean,”
then the RCRA work will be paper work here only. If not, then the site remains under RCRA,
even if we get NFA for CERCLA. A more accurate statement of the situation would be: “ The
risk assessment was such to support NFA for CERCLA, with protective limits that support clean
closure under RCRA.”

THISISTHE REAL CRITICAL PART: unless| can find where the data has been reviewed by
RCRA and accepted, | will have to do this now and let you know what comes of it. It will not
affect the CERCLA process, but if for some reason it is unacceptable to RCRA, the sites will not
be totally closed out. Unfortunately, due partly to the transition of managers on this project, | do
not have all of the history on this OU, so please bear with me.

Response: Thetext will be revised to add a sentence: The risk assessment was conducted to support
NFA for CERCLA, with protective limits that support clean closure under RCRA.

Due to the changesin ADEM project managers, asummary of the decison making higory for this OU
is provided below.

Three sites within OU-9 (M SFC-044, 049, and 050) were closed under RCRA and certified in
January 1990. This closure is described in the Post-Closure Permit Application for the Ultimate
Lagoons and IWTB (1988). Post-closure ingpection and maintenance activities were required under
the RCRA closure.

NASA submitted a Part B RCRA permit gpplication for post-closure operations at the former IWTF
on August 1, 1991, to EPA and ADEM. This permit included the entire IWTF and proposed long term
groundwater monitoring for the IWTF. NASA was awaiting permit gpplication gpprova and
subsequent issuance of the permit when NASA was notified of its incorporation onto the Nationd
PrioritiesList (NPL) under the CERCLA program.

Once NASA was incorporated under the CERCLA program, the ADEM RCRA program agreed to
defer dl decisonsrelated to the IWTF to the ADEM CERCLA program. At thistime the IWTF Stes
(including those that were clean-closed un der RCRA) were assigned to OU-9 under the CERCLA

program.

Soil samples were collected at the remaining five OU-9 sites (MSFC-045, 046, 047, 048, and A) in
May 1996 as part of the CERCLA RI process. Subsequently, ADEM agreed that if additiona
sampling results demondirated no risk to human hedlth or the environment at the three RCRA closed
sites (MSFC-044, 049, and 050) these sites could be approved for NFA under CERCLA. ADEM
als0 agreed that the Sites gpproved for NFA under CERCLA would not require further action under
RCRA. David Thompson/ADEM was responsible for obtaining approva from the RCRA program
regarding this approach. It is our understanding that ADEM’s RCRA program has aready approved
this approach and that no further data evauation should be required. Once the Sites are gpproved for
NFA under CERCLA, no further actions should be required through the RCRA program.

If further data andyss under the RCRA program is required, the datais available in the MSFC OU-9
Remedial Investigation Report (NASA, August 1999).
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RESPONSE TO AGENCY COMMENTS ON THE DRAFT OU-9 RECORD OF DECISION

During the initid sampling effortsin 1995 at OU-9, the closed units were not included, and were
assumed to be “ clean” based on the RCRA closure. After the RI report for the non-RCRA closed sites
was submitted, M SFC and the Agencies discussed what would be needed for the CERCLA closure of
al the OU-9 stes, including discontinuing the RCRA ground-water monitoring. The Agencies (lead by
ADEM) decided that confirmation subsurface sampling at the closed Sites coupled with aresidentia
risk assessment of dl the media (including groundwater) would be needed. Thisiswhat isincluded in
the approved OU-9 RI report. MSFC requests ADEM to follow through with the previous agreements
and obtain whatever RCRA approvals are needed to close these sites under both programs and submit
aletter to MSFC indicating that the RCRA groundwater monitoring can be discontinued.

Comment (page 3-6) Residential Risk Assessment: Assumptions.... are unrealistic. This
appearsto be awkward. If they are unrealistic, why are you using them? Estimated risks are not
considered important. Maybe you should state that it does not pose any risk beyond naturally
occurring risk due to arsenic.

Response: The paragraph will be revised asfollows:

“The MSFC-044 data are from subsurface soils; there are no COPCs for the surface soil. Assumptions
used for the subsurface soil exposure scenario are highly conservative, because if subsurface soils are
excavated and become exposed, they are likely to have lower concentrations due to mixing. In
addition, the subsurface soil does not pose risks beyond those due to naturally occurring arsenic levels.
Arsenic is detected a a maximum concentration of 19.2 milligrams per kilogram (mg/kg) whichiis
amilar to the background level of 13.6 mg/kg. The exposure point concentration for human exposure to
arsenic a this ste (UCL 95 percent) is 12.9 mg/kg, which is below the background level. Thus, the
MSFC-044 potentia risks are below the background levels”

Comment (page 3-7): Refer to NFA comment as it appears to RCRA clean closure. The
statements under No Further Action Alternative are not true.

Response: Seeresponseto initid comment (page 3-1). It is our understanding that the RCRA
program has gpproved this gpproach and no further activitieswill be required under RCRA as aresult
of the NFA dterndive. In addition, it is expected that discontinuation of the current RCRA
groundwater will be approved. No change to the text is recommended.

Comment (page 3-11,12) Ecological Risk: | have a problemwith “ Aluminumand iron are
common elements, while copper and manganese are essential elements’ along with the next
sentence. Isit not true that common elements and essential elements can be hazardous if present
in sufficient quantities?

Response: The following sentence will be added: “In addition, these congtituents were not present a
sufficient quantities to cause adverse effects on exposed receptors.”

Comment (page 3-16) Summary of Site Risks: “ 5 ft from the concrete structure” is used twice
in two adjoining sentences. Also, 1,100 ft? does not seem relevant to the paragraph.

Response: The second sentence will be deleted. The statement about the Size of the investigation area
will be moved to the end of the third paragraph in this section.
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RESPONSE TO AGENCY COMMENTS ON THE DRAFT OU-9 RECORD OF DECISION

Comment (page 3-16): In general for the Mix Tank: What about the possibility of vertical
migration. Also, the 5-ft distance isfineif you consider the migration is only coming from the
edge of the tank. What about a crack in the middle of the tank? You could have horizontal
migration that is nowhere near the edge of the tank, but still in very high concentrations.

Response: As noted in the Operable Unit-9 Soils Investigation Work Plan (MSFC, April 1996),
the rationa for the sampling included only sampling outside the unit, because it was a concrete unit. The
migration of a possible leak was caculated based on dug test data, and the direction was estimated
based on the topography. Samples were collected from each side of the unit to evauate aleak from
any location, with the TAL/TCL being collected on the Sde where alegk would have most likely
migrated (regardless of where the leak originated). Vertical migration was taken into account in
selecting adistance of 5 ft for placement of the sample locations. In addition, the tank was ingpected,
was holding storm water, and was intact. The paragraph will be revised asfollows.

“The tank was inspected at the time of sampling and gppeared to be intact which indicates that seepage
of waste from the unit over time was not expected. However, for the purposes of this assessment it was
assumed that waste or water has seeped from the unit. Assuming that waste or water has seeped from
the unit over the 25 years the unit has been in operation with no vertica migration, the horizonta
seepage would extend approximately 9% feet. The unit was closed 8 years ago, indicating that the
horizontal seepage of any waste remaining in the unit when it was taken offline would have migrated
agoproximatdy 3 ft from the unit (assuming there has been no vertical migration). Assuming no vertica
migration is a consarvative assumption and provides for the maximum amount of horizontal seepage. If
it is assumed that vertica migration has occurred, the concentrations of waste at the outer edge of the
migration plume would be even further diluted. Therefore, samples were collected closer to the unit, but
within the 3- to 9¥>foot area of expected contamination.”

Comment (page 3-22) Ecological Risk: “ No COPCs have been identified because these units
were closed under RCRA.” If thiswere possible, it would appear that this site was closed
“clean” under RCRA, and therefore should never have been a CERCLA area of concern.

Response: Seeresponseto initiad comment (page 3-1). When NASA was incorporated into
CERCLA the entire IWTF was placed in OU-9 under CERCLA. NASA was required by CERCLA
to continue to include the closed units within this OU even though the Stes had been clean-closed under
RCRA. Initidly, the units were not included in the OU-9 sampling plan and were assumed to be
CERCLA clean due to the RCRA closure. After the RI report for the non-RCRA closed sites was
submitted, MSFC and the Agencies discussed what would be needed for the CERCLA closure of al
the OU-9 sites, including discontinuing the RCRA groundwater monitoring. The Agencies (leed by
ADEM) decided that confirmation subsurface sampling at the closed sites coupled with aresidentia
risk assessment of dl the media (including groundwater) would be needed. This is why these units have
been included in the sampling effort and current OU-9 RI report. No change to the text is
recommended.

Comment (page 3-26): Very last sentence: “ Both iron and manganese are nutritionally essential

for human metabolism.” Please remove this sentence, because both are toxic at appropriately
elevated concentrations.

DFB\15485.D0C 4



RESPONSE TO AGENCY COMMENTS ON THE DRAFT OU-9 RECORD OF DECISION

Response: Theintent of this sentence was to judtify that even though the HI was 1.4 for a child which
was dightly above the acceptable level of 1.0, the risks are minimal since these condtituents are
nutritionaly essentiad for human metabolism. The sentence will be revised asfollows:

“Even though the HI was dightly above 1.0, the risks associated with manganese and iron are
consdered acceptable since iron and manganese are nutritionally essentia for human metabolism and
the concentrations are not present a high enough levelsto pose arisk to human hedth.”

Comment (page 3-27): Please clarify the comparison to AWQC. It appears that you are
assuming a dilution at a theoretic point, then running your risk assessment.

Response: This comparison was the result of an agreement with the Agencies. As part of the risk
assessment, the possible discharge to surface waters has to be considered. The Agencies (lead by
EPA, in this case) stated that a quditative discussion comparing the groundwater concentrations to the
AWQC would suffice as a conservative assessment of the exposure to receptorsin surface waters
(because dilution and mixing had not been included).

The intent of the paragraph is that the groundwater concentrations were compared directly to the
surface water quality criteria and that this comparison is conservative since the actual concentrations
discharged to surface water will be lower due to dilution/mixing. The four sentences related to thisissue
will be revised asfollows:

“Therefore, the groundwater detected concentrations were compared directly to the federa ambient,
water quality criteria (AWQC) (Tier 1) for surface water. This comparison is conservative because
groundwater discharging to the surface will mix with the groundwater from the regiona aguifer and
surface water in the process of the surface discharge. The concentration at the surface will be lower
than in the groundwater due to this dilution.”

Comment (page B-2): Please be careful about risking away COPCs due to “ naturally
occurring” or “ essential elements.” They should go away for better reasons, such as actual
levels or risk assessment values.

Response: This approach was taken because there are no toxicity factors, MCLs, SMICLSs, or
hedlth-advisory vaues for these congtituents. These criteria are necessary for conducting risk
assessment and HI caculations. This gpproach was approved by the regulatory agencies during the RI
phase of this investigation. No change to the text is recommended.

Comment (page B-3): Background wells should be characteristic background. If you have a
problem with your background wells, you should either get better wells or rely on allowable
concentrations.

Response: Theintent of this satement is that iron and manganese are prevaent in wells across the Site
but not in the background wells. The background sampling gpproach and data was accepted by the
agencies in the Report of MS-C Background Sampling (NASA, December 1997). This sameissue
was a so addressed in the gpproved Surface Media RI Report (NASA, March 1999). To avoid any
confusion about the background wells, the sentence will be deleted.
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RESPONSE TO AGENCY COMMENTS ON THE DRAFT OU-9 RECORD OF DECISION

Comment (page B-8): It might be advisable to remove the clarification of 10 asbeing 1in
10,000 as being acceptable risk. Although the EP A accepts this, the public may see the number
10,000 astoo small. Thisisonly a concern over public perception of legitimate justification.

Response: The darification of ‘one chance in 10,000 to one chance in 1,000,000 will be deleted.

Comment (page B-12): Use of EPC below background is confusing, especially when you add in
the maximum detect. Better wording might be more like: * Arsenic had a high hit of 19.2 in one
sample, however EPC (average) was 12.9, and is below the 13.6 level in background. Therefore,
EPC levels used to characterize risk are at an acceptable level.” Thisargument is strange,
however, because EPC is below background, when you previously had concern that background
was not characteristic of the site. It looks like you want to pick and choose when to use
background to your advantage.

Response: The same changes will be made as noted in the response to comment on page 3-6
Residentid Risk Assessment.

Comment (page B-13) Conclusions: Isthe fourth bullet accurate. Are there no carcinogens, or
just none at elevated levels?

Response: Thefirg sentence of the bullet will be revised asfollows: “No carcinogenic chemicas were
detected above the screening criteria and therefore, no carcinogenic chemicals were identified as
COPCsin the groundwater.”

Comment (page B-13) Conclusions. What does the first bullet mean? Does it mean that
residents are physically able to touch the dirt, i.e. there is no fence up, or does it mean that there
islow riskif they do touch the dirt?

Response: The bullet will berevised asfollows: The resdentia risk assessment ca culations assumed
that the existing fence would be removed and that both surface and subsurface soil are accessible for
direct exposure to future resdents which isa highly conservative assumption.

Comment (page B-13): After the conclusions, there are pages of “ stuff.” There should be some
delineation and identification of these pages.

Response: Divider pages will be added between the risk assessment calculation tables for each Site.
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Goundwater (Potable Use) - Future Residential Adult Scenario
OU-9 Record of Decision

Carcinogenic Noncarcinogenic

Ingestion:
Age-specific intake (for carcinogenic compounds only): Intake for non-carcinogenic compounds:

CDlyy;= CyrIR_adj*EF CDI = CyIR*EF*ED

AT BW*AT

Cyu = Concentration in groundwater (mg/L) RME RME
IR= Ingestion Rate (L/day) NA 2 a
IR, = Age Specific Ingestion Rate (L - year)/(kg - day) 11 b NA
EF= Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) NA 30 a
BW = Body Weight (kg) NA 70 ¢
AT = Averaging Time (days) 25550 ¢ 10950 a
Dermal:
Intake for non-carcinogenic and carcinogenic compounds:

CDly =  Cy*SA_adj*PC*ET*EF*CE CDI= C,*SA*PC*ET*EF*ED*CF

AT BW*AT

Cyu = Concentration in groundwater (mg/L) RME RME
SA= Surface Area (cm?) NA 18150 cd
SAag= Age-Specific Surface area (cm?-year/kg-day) 10638 e NA
PC= Dermal Permeability Constant (cm/hr) (Chemical Specific) f (Chemical Specific) f
ET = Exposure Time (hr/day) 0.25 a 0.25 a
EF= Exposure Frequency (day/year) 350 a 350 a
ED= Exposure Duration (year) NA 30 a
CF= Conversion Factor (L/cm?) 1.00E-03 1.00E-03
BW = Body Weight (kg) NA 70 ¢
AT = Averaging Time (days) 25550 ¢ 10950 a
Inhalation:
CDI = Ingestion CDI from above?
References:

a = Default factors from Risk Assessment Guidance for Superfund (RAGS), Volume I, Human Health Evaluation
Manual (Part A), Interim Final, December 1989.

b = Age-adjusted groundwater ingestion rate for adults, adjusted for body weight and time for carcinogenic
exposure.
IRad] = |RcxEDc + |Rax(EDa-EDc)= 1x6 + 2 x(30-6)

Bwc BWa 15 70
= 1.10 (L-year)/(kg-day)

¢ = Default factors adapted from EPA Exposure Factors Handbook, August 1997.

d = Surface area represents whole body (average of male & female adults).

e = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.

SAadj = SAcxEDc + SAax(EDa-EDc)= 6880 x 6 + 23000 x (30-6)
BWc BWa 15 70

= 10638 (cm?-year)
f = Dermal Permeability Constant for water (0.001) used for constituents without a PC value; all values adapted
from EPA, Dermal Exposure Assessment: Principles and Applications, January 1992.
g = follows EPA Region IV guidance (i.e., inhalation of groundwater volatiles while showering/bathing
is accounted for by doubling the ingestion volume)
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Goundwater (Potable Use) - Future Residential Child Scenario
OU-9 Record of Decision

Ingestion:
Intake for non-carcinogenic and carcinogenic compounds:
CDI = CyIR*EF*ED
BW* AT
Carcinogenic
Cyu = Concentration in groundwater (mg/L) RME
IR= Ingestion Rate (L/day) 1
EF= Exposure Frequency (day/year) 350
ED = Exposure Duration (year) 6
BW = Body Weight (kg) 15
AT = Averaging Time (days) 25550
Dermal:
Intake for non-carcinogenic and carcinogenic compounds:
CDI = C,*SA*PC*ET*EF*ED*CF
BW* AT

Cyu = Concentration in groundwater (mg/L) RME
SA= Surface Area (cm?) 6880
PC= Dermal Permeability Constant (cm/hr) (Chemical Specific)

= Exposure Time (hr/day) 0.25
EF= Exposure Frequency (day/year) 350
ED= Exposure Duration (year) 6
CF= Conversion Factor (L/cm?®) 1.00E-03
BW = Body Weight (kg) 15a
AT = Averaging Time (days) 25550
Inhalation:
CDI = Ingestion CDI from abovee
References:
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a =Default factors from Risk Assessment Guidance for Superfund (RAGS), Volume |, Human Health Evaluation

Manual (Part A), Interim Final, December 1989.

b = Default factors adapted from EPA Exposure Factors Handbook, August 1997.

¢ = Surface area represents whole body (average of male & female children (1 -6 years old)).

d = Dermal Permeability Constant for water (0.001) used for constituents without a PC value; all values adapted
from EPA, Dermal Exposure Assessment: Principles and Applications, January 1992.

e = follows EPA Region IV guidance (i.e., inhalation of groundwater volatiles while showering/bathing

is accounted for by doubling the ingestion volume)
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Appendix A

Groundwater, Fourth Quarter 1997

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-021R |97Q4 TOTAL IRON 18969.60 [UG/L 4640.00 |X 11000.00 (X Y
MSFC-021R |97Q4 TOTAL MAGNESIUM 8409.00 | UG/L 7220.00 |X 50.00 [X Y
MSFC-026 |970Q4 TOTAL MAGNESIUM 7813.60 | UG/L 7220.00 |X 50.00 (X Y
MSFC-029D |97Q4 TOTAL MAGNESIUM 22051.10 |UG/L 7220.00 |X 50.00 [X Y
MSFC-033D |97Q4 TOTAL MAGNESIUM 23546.80 |UG/L 7220.00 |X 50.00|X Y
MSFC-034D |97Q4 TOTAL MAGNESIUM 20579.90 |UG/L 7220.00 |X 50.00 [X Y
MSFC-039 |97Q4 TOTAL MAGNESIUM 11089.30 [UG/L 7220.00 |X 50.00 [X Y
MSFC-047 |97Q4 TOTAL MAGNESIUM 7426.70 |UG/L 7220.00 |X 50.00 (X Y
MSFC-049 |97Q4 TOTAL MAGNESIUM 8739.30 |UG/L 7220.00 |X 50.00 [X Y
MSFC-051D |97Q4 TOTAL MAGNESIUM 20136.40 |UG/L 7220.00 |X 50.00 [X Y
MSFC-021R |97Q4 TOTAL MAGNESIUM 4057.30 |UG/L 216.00 |X 83.95|X Y
MSFC-032 |97Q4 TOTAL MAGNESIUM 1343.00 [UGI/L 216.00 |X 83.95(X Y
MSFC-039 |97Q4 TOTAL MAGNESIUM 448.30 |UG/L 216.00 |X 83.95(X Y
MSFC-049 |97Q4 TOTAL MAGNESIUM 584.30 |UG/L 216.00 |X 83.95(X Y
MSFC-021R |97Q4 TOTAL SODIUM 48379.00 |UG/L 6790.00 |X 20000.00 |X Y
MSFC-033D |97Q4 TOTAL SODIUM 24442.10 |UG/L 6790.00 |X 20000.00 |X Y
MSFC-051D |97Q4 TOTAL SODIUM 26185.40 |UG/L 6790.00 |X 20000.00 |X Y
MSFC-021R |97Q4 CHLORIDE 5640.00 | UG/L N/A
MSFC-022R |97Q4 CHLORIDE 6690.00 | UG/L N/A
MSFC-025 |970Q4 CHLORIDE 2060.00 |UG/L N/A
MSFC-026 |97Q4 CHLORIDE 3060.00 | UG/L N/A
MSFC-029D |97Q4 CHLORIDE 2980.00 |UG/L N/A
MSFC-032 |97Q4 CHLORIDE 7340.00 | UG/L N/A
MSFC-033D |97Q4 CHLORIDE 3870.00 |UG/L N/A
MSFC-034D |97Q4 CHLORIDE 11000.00 [UG/L N/A
MSFC-038 |97Q4 CHLORIDE 2740.00 |UG/L N/A
MSFC-039 |97Q4 CHLORIDE 6610.00 | UG/L N/A
MSFC- 047 |97Q4 CHLORIDE 6950.00 | UG/L N/A
MSFC-047 |97Q4 CHLORIDE 6450.00 | UG/L N/A
MSFC-049 |97Q4 CHLORIDE 6110.00 |UG/L N/A
MSFC-051D |97Q4 CHLORIDE 7820.00 | UG/L N/A
MSFC-021R [97Q4 |[pH 7.29 |s.u. N/A
MSFC-022R |97Q4 pH 7.22 |s.u. N/A
MSFC-025 |97Q4 pH 6.58 |s.u. N/A
MSFC-026 |97Q4 pH 7.04 |s.u. N/A
MSFC-029D |97Q4 pH 8.06 |s.u. N/A
MSFC-032 |97Q4 pH 6.70 |s.u. N/A
MSFC-033D |97Q4 pH 7.83 |s.u. N/A
MSFC-034D |97Q4 pH 7.74 |s.u. N/A
MSFC-038 |970Q4 pH 5.06 |s.u. N/A
MSFC-039 |97Q4 pH 7.05 |s.u. N/A
MSFC-047 |97Q4 pH 7.14 |s.u. N/A
MSFC-047 |97Q4 pH 7.14 |s.u. N/A
MSFC-049 |97Q4 pH 8.03 |s.u. N/A
MSFC-051D |970Q4 pH 8.00 |s.u. N/A
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Appendix A
Groundwater, Fourth Quarter 1997
OU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-021R |97Q4 SULFATE 31730.00 |UG/L N/A
MSFC-022R |97Q4 SULFATE 3950.00 | UG/L N/A
MSFC-025 |970Q4 SULFATE 14620.00 [UG/L N/A
MSFC-026 |97Q4 SULFATE 36160.00 | UG/L N/A
MSFC-029D |97Q4 SULFATE 6570.00 |UG/L N/A
MSFC-032 |97Q4 SULFATE 7750.00 |UG/L N/A
MSFC-033D |97Q4 SULFATE 21520.00 |UG/L N/A
MSFC-034D |97Q4 SULFATE 7820.00 |UG/L N/A
MSFC-039 |97Q4 SULFATE 5140.00 |UG/L N/A
MSFC-047 |97Q4 SULFATE 3990.00 |UG/L N/A
MSFC-047 97Q4 SULFATE 3700.00 |UG/L N/A
MSFC-049 |97Q4 SULFATE 4460.00 |UG/L N/A
MSFC-051D |97Q4 SULFATE 55410.00 |UG/L N/A
MSFC-038 |97Q4 TOTAL DISSOLVED ALUMINUM 17.50 [UG/L N/A
MSFC-021R |97Q4 TOTAL DISSOLVED BARIUM 285.50 [UG/L N/A
MSFC-022R |97Q4 TOTAL DISSOLVED BARIUM 18.20 [UGI/L N/A
MSFC-025 |97Q4 TOTAL DISSOLVED BARIUM 30.50 |UG/L N/A
MSFC-026 |97Q4 TOTAL DISSOLVED BARIUM 48.10 |UG/L N/A
MSFC-032 |97Q4 TOTAL DISSOLVED BARIUM 51.00 |UG/L N/A
MSFC-038 |970Q4 TOTAL DISSOLVED BARIUM 10.70 [UGI/L N/A
MSFC-039 |97Q4 TOTAL DISSOLVED BARIUM 30.80 |UG/L N/A
MSFC-049 |97Q4 TOTAL DISSOLVED BARIUM 61.70 |UG/L N/A
MSFC-021R |97Q4 TOTAL DISSOLVED IRON 14390.10 [UG/L N/A
MSFC-022R |97Q4 TOTAL DISSOLVED IRON 121.00 [UGI/L N/A
MSFC-025 |97Q4 TOTAL DISSOLVED IRON 126.70 [UG/L N/A
MSFC-026 |97Q4 TOTAL DISSOLVED IRON 119.00 [UG/L N/A
MSFC-032 |97Q4 TOTAL DISSOLVED IRON 3269.40 |UG/L N/A
MSFC-038 |970Q4 TOTAL DISSOLVED IRON 128.60 [UGI/L N/A
MSFC-039 |97Q4 TOTAL DISSOLVED IRON 269.00 |UG/L N/A
MSFC-049 |97Q4 TOTAL DISSOLVED IRON 163.10 [UG/L N/A
MSFC-021R |97Q4 TOTAL DISSOLVED MAGNESIUM 8451.40 |UG/L N/A
MSFC-022R |97Q4 TOTAL DISSOLVED MAGNESIUM 5546.30 |UG/L N/A
MSFC-025 |97Q4 TOTAL DISSOLVED MAGNESIUM 4774.10 |UG/L N/A
MSFC-026 |97Q4 TOTAL DISSOLVED MAGNESIUM 7718.10 |UG/L N/A
MSFC-032 |97Q4 TOTAL DISSOLVED MAGNESIUM 3809.20 |UG/L N/A
MSFC-038 97Q4 TOTAL DISSOLVED MAGNESIUM 794.10 [UG/L N/A
MSFC-039 |97Q4 TOTAL DISSOLVED MAGNESIUM 10845.40 [UGI/L N/A
MSFC-049 |97Q4 TOTAL DISSOLVED MAGNESIUM 8391.40 |UG/L N/A
MSFC-021R |97Q4 TOTAL DISSOLVED MANGANESE 4032.20 |UG/L N/A
MSFC-026 97Q4 TOTAL DISSOLVED MANGANESE 32.80 [UG/L N/A
MSFC-032 |97Q4 TOTAL DISSOLVED MANGANESE 1323.40 [UGI/L N/A
MSFC-038 |97Q4 TOTAL DISSOLVED MANGANESE 38.10 |UG/L N/A
MSFC-039 |97Q4 TOTAL DISSOLVED MANGANESE 353.00 |UG/L N/A
MSFC-049 |97Q4 TOTAL DISSOLVED MANGANESE 575.90 |UG/L N/A
MSFC-021 |970Q4 TOTAL DISSOLVED POTASSIUM 3264.30 | UG/L N/A
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Appendix A

Groundwater, Fourth Quarter 1997

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-022R |97Q4 TOTAL DISSOLVED POTASSIUM 623.40 |UG/L N/A
MSFC-025 |97Q4 TOTAL DISSOLVED POTASSIUM 2917.20 |UG/L N/A
MSFC-026 |970Q4 TOTAL DISSOLVED POTASSIUM 1799.80 [UGI/L N/A
MSFC-032 |97Q4 TOTAL DISSOLVED POTASSIUM 532.30 |UG/L N/A
MSFC-038 |97Q4 TOTAL DISSOLVED POTASSIUM 322.60 |UG/L N/A
MSFC-039 |97Q4 TOTAL DISSOLVED POTASSIUM 453.50 |UG/L N/A
MSFC-049 97Q4 TOTAL DISSOLVED POTASSIUM 506.50 [UG/L N/A
MSFC-021R |97Q4 TOTAL DISSOLVED SODIUM 48152.10 |UG/L N/A
MSFC-022R |97Q4 TOTAL DISSOLVED SODIUM 3316.50 |UG/L N/A
MSFC-025 |97Q4 TOTAL DISSOLVED SODIUM 3609.00 | UG/L N/A
MSFC-026 97Q4 TOTAL DISSOLVED SODIUM 5240.80 |UG/L N/A
MSFC-032 |97Q4 TOTAL DISSOLVED SODIUM 7905.20 |UG/L N/A
MSFC-038 |97Q4 TOTAL DISSOLVED SODIUM 1219.50 [UG/L N/A
MSFC-039 |97Q4 TOTAL DISSOLVED SODIUM 3647.60 | UG/L N/A
MSFC-049 97Q4 TOTAL DISSOLVED SODIUM 10125.80 [UG/L N/A
MSFC-021R |97Q4 TOTAL DISSOLVED SOLIDS 286000.00 | UG/L N/A
MSFC-022R |97Q4 TOTAL DISSOLVED SOLIDS 198000.00 [UG/L N/A
MSFC-025 |97Q4 TOTAL DISSOLVED SOLIDS 142000.00 [UG/L N/A
MSFC-026 |97Q4 TOTAL DISSOLVED SOLIDS 205000.00 | UG/L N/A
MSFC-029D |97Q4 TOTAL DISSOLVED SOLIDS 184000.00 [UG/L N/A
MSFC-032 |97Q4 TOTAL DISSOLVED SOLIDS 152000.00 [UG/L N/A
MSFC-033D |97Q4 TOTAL DISSOLVED SOLIDS 244000.00 |UG/L N/A
MSFC-034D |97Q4 TOTAL DISSOLVED SOLIDS 189000.00 [UG/L N/A
MSFC-038 |970Q4 TOTAL DISSOLVED SOLIDS 16000.00 [UG/L N/A
MSFC-039 |97Q4 TOTAL DISSOLVED SOLIDS 185000.00 [UG/L N/A
MSFC-047 |97Q4 TOTAL DISSOLVED SOLIDS 208000.00 | UG/L N/A
MSFC-047 |97Q4 TOTAL DISSOLVED SOLIDS 206000.00 | UG/L N/A
MSFC-049 |970Q4 TOTAL DISSOLVED SOLIDS 263000.00 | UG/L N/A
MSFC-051D |97Q4 TOTAL DISSOLVED SOLIDS 238000.00 | UG/L N/A
MSFC-021R |97Q4 TOTAL POTASSIUM 3237.90 |UG/L 2620.00 |X N/A
MSFC-025 |97Q4 TOTAL POTASSIUM 3001.70 |UG/L 2620.00 |X N/A
MSFC-021R |97Q4 TURBIDITY 5.37 |ntu N/A
MSFC-022R |97Q4 TURBIDITY 1.21 [ntu N/A
MSFC-025 |97Q4 TURBIDITY 8.86 |ntu N/A
MSFC-026 |97Q4 TURBIDITY 1.25 [ntu N/A
MSFC-029D |97Q4 TURBIDITY 27.10 |ntu N/A
MSFC-032 |97Q4 TURBIDITY 76.90 [ntu N/A
MSFC-033D |97Q4 TURBIDITY 6.55 [ntu N/A
MSFC-034D |97Q4 TURBIDITY 1.43 [ntu N/A
MSFC-038 97Q4 TURBIDITY 12.90 |ntu N/A
MSFC-039 |97Q4 TURBIDITY 4.11 |ntu N/A
MSFC-047 |97Q4 TURBIDITY 0.24 |ntu N/A
MSFC-047 |97Q4 TURBIDITY 0.24 |ntu N/A
MSFC-049 |97Q4 TURBIDITY 1.78 [ntu N/A
MSFC-051 |970Q4 TURBIDITY 6.58 [ntu N/A
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Appendix A

Groundwater, Fourth Quarter 1997

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-021R |97Q4 CIS-1,2 DICHLOROETHENE 8.90 |UG/L 70.00 N
MSFC-021R |97Q4 TOTAL ALUMINUM 13.50 [UG/L 2970.00 200.00 N
MSFC-022R |97Q4 TOTAL ALUMINUM 20.40 |UG/L 2970.00 200.00 N
MSFC-025 |97Q4 TOTAL ALUMINUM 75.00 |UG/L 2970.00 200.00 N
MSFC-029D |97Q4 TOTAL ALUMINUM 42.60 |UG/L 2970.00 200.00 N
MSFC-032 |97Q4 TOTAL ALUMINUM 118.00 [UG/L 2970.00 200.00 N
MSFC-033D |97Q4 TOTAL ALUMINUM 69.50 [UG/L 2970.00 200.00 N
MSFC-034D |97Q4 TOTAL ALUMINUM 20.40 |UG/L 2970.00 200.00 N
MSFC-038 |97Q4 TOTAL ALUMINUM 545.40 |UG/L 2970.00 200.00|X N
MSFC-039 |97Q4 TOTAL ALUMINUM 73.70 |UG/L 2970.00 200.00 N
MSFC-049 97Q4 TOTAL ALUMINUM 17.80 |UGI/L 2970.00 200.00 N
MSFC-021R |97Q4 TOTAL BARIUM 289.40 |UG/L 41.30 |X 2000.00 N
MSFC-022R |97Q4 TOTAL BARIUM 17.70 [UGI/L 41.30 2000.00 N
MSFC-025 |97Q4 TOTAL BARIUM 31.80 |UG/L 41.30 2000.00 N
MSFC-026 |97Q4 TOTAL BARIUM 48.50 |UG/L 41.30 |X 2000.00 N
MSFC-029D |97Q4 TOTAL BARIUM 21.40 |UG/L 41.30 2000.00 N
MSFC-032 |97Q4 TOTAL BARIUM 53.20 |UG/L 41.30 |X 2000.00 N
MSFC-033D |97Q4 TOTAL BARIUM 50.20 |UG/L 41.30 |X 2000.00 N
MSFC-034D |97Q4 TOTAL BARIUM 40.60 |UG/L 41.30 2000.00 N
MSFC-038 |97Q4 TOTAL BARIUM 11.30 [UGI/L 41.30 2000.00 N
MSFC-039 |97Q4 TOTAL BARIUM 32.30 |UG/L 41.30 2000.00 N
MSFC-047 |97Q4 TOTAL BARIUM 15.10 [UG/L 41.30 2000.00 N
MSFC-047 |97Q4 TOTAL BARIUM 15.10 [UG/L 41.30 2000.00 N
MSFC-049 |97Q4 TOTAL BARIUM 62.00 | UG/L 41.30 |X 2000.00 N
MSFC-051D |97Q4 TOTAL BARIUM 22.50 |UG/L 41.30 2000.00 N
MSFC-022R |97Q4 TOTAL IRON 131.80 [UGI/L 4640.00 11000.00 N
MSFC-025 |970Q4 TOTAL IRON 144.80 [UG/L 4640.00 11000.00 N
MSFC-026 |97Q4 TOTAL IRON 122.00 [UG/L 4640.00 11000.00 N
MSFC-029D |97Q4 TOTAL IRON 182.50 [UGI/L 4640.00 11000.00 N
MSFC-032 |97Q4 TOTAL IRON 3979.40 |UG/L 4640.00 11000.00 N
MSFC-033D |97Q4 TOTAL IRON 185.30 [UG/L 4640.00 11000.00 N
MSFC-034D |97Q4 TOTAL IRON 149.90 [UG/L 4640.00 11000.00 N
MSFC-038 |970Q4 TOTAL IRON 461.90 |UG/L 4640.00 11000.00 N
MSFC-039 |97Q4 TOTAL IRON 622.10 |UG/L 4640.00 11000.00 N
MSFC-047 |97Q4 TOTAL IRON 115.40 [UG/L 4640.00 11000.00 N
MSFC-047 97Q4 TOTAL IRON 121.70 [UG/L 4640.00 11000.00 N
MSFC-049 |97Q4 TOTAL IRON 296.00 |UG/L 4640.00 11000.00 N
MSFC-051D |97Q4 TOTAL IRON 166.40 [UG/L 4640.00 11000.00 N
MSFC-022R |97Q4 TOTAL MAGNESIUM 5704.40 |UG/L 7220.00 50.00|X N
MSFC-025 97Q4 TOTAL MAGNESIUM 4904.20 |UG/L 7220.00 50.00 |X N
MSFC-032 |97Q4 TOTAL MAGNESIUM 4012.10 |UG/L 7220.00 50.00 [X N
MSFC-038 |97Q4 TOTAL MAGNESIUM 832.50 |UG/L 7220.00 50.00 [X N
MSFC-047 |97Q4 TOTAL MAGNESIUM 7160.70 |UG/L 7220.00 50.00 X N
MSFC-026 |97Q4 TOTAL MANGANESE 33.80 |UG/L 216.00 83.95 N
MSFC-029D |970Q4 TOTAL MANGANESE 11.60 [UG/L 216.00 83.95 N
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Appendix A
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QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance
Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-033D |97Q4 TOTAL MANGANESE 24.70 |UG/L 216.00 83.95 N
MSFC-034D |97Q4 TOTAL MANGANESE 10.40 [UG/L 216.00 83.95 N
MSFC-038 |97Q4 TOTAL MANGANESE 65.50 | UG/L 216.00 83.95 N
MSFC-029D |97Q4 TOTAL NICKEL 10.70 [UGI/L 35.40 100.00 N
MSFC-033D |97Q4 TOTAL NICKEL 10.30 [UGI/L 35.40 100.00 N
MSFC-034D |97Q4 TOTAL NICKEL 13.20 [UG/L 35.40 100.00 N
MSFC-022R |97Q4 TOTAL POTASSIUM 623.30 [UG/L 2620.00 N
MSFC-026 |97Q4 TOTAL POTASSIUM 1824.00 [UG/L 2620.00 N
MSFC-029D |97Q4 TOTAL POTASSIUM 951.20 |UG/L 2620.00 N
MSFC-032 |97Q4 TOTAL POTASSIUM 574.80 |UG/L 2620.00 N
MSFC-033D |97Q4 TOTAL POTASSIUM 1789.10 [UG/L 2620.00 N
MSFC-034D |97Q4 TOTAL POTASSIUM 451.10 |UG/L 2620.00 N
MSFC-038 |97Q4 TOTAL POTASSIUM 435.90 |UG/L 2620.00 N
MSFC-039 |97Q4 TOTAL POTASSIUM 478.60 |UG/L 2620.00 N
MSFC-047 97Q4 TOTAL POTASSIUM 679.20 [UG/L 2620.00 N
MSFC-047 |97Q4 TOTAL POTASSIUM 698.80 | UG/L 2620.00 N
MSFC-049 |97Q4 TOTAL POTASSIUM 523.20 |UG/L 2620.00 N
MSFC-051D |97Q4 TOTAL POTASSIUM 983.20 |UG/L 2620.00 N
MSFC-022R |97Q4 TOTAL SODIUM 3330.30 |UG/L 6790.00 20000.00 N
MSFC-025 |97Q4 TOTAL SODIUM 3768.70 |UG/L 6790.00 20000.00 N
MSFC-026 |97Q4 TOTAL SODIUM 5283.00 | UG/L 6790.00 20000.00 N
MSFC-029D |97Q4 TOTAL SODIUM 4895.50 |UG/L 6790.00 20000.00 N
MSFC-032 |97Q4 TOTAL SODIUM 8203.00 | UG/L 6790.00 |X 20000.00 N
MSFC-034D |97Q4 TOTAL SODIUM 2668.50 | UG/L 6790.00 20000.00 N
MSFC-038 |97Q4 TOTAL SODIUM 1216.20 [UG/L 6790.00 20000.00 N
MSFC-039 |97Q4 TOTAL SODIUM 4023.20 |UG/L 6790.00 20000.00 N
MSFC-047 |97Q4 TOTAL SODIUM 3696.50 | UG/L 6790.00 20000.00 N
MSFC-047 |97Q4 TOTAL SODIUM 3774.70 |UG/L 6790.00 20000.00 N
MSFC-049 |97Q4 TOTAL SODIUM 10414.40 [UG/L 6790.00 20000.00 N
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Groundwater, First Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-021R |98Q1 TOTAL IRON 19030.00 [UG/L 4640.00 |X 11000.00 (X Y
MSFC-021R |98Q1 TOTAL MAGNESIUM 8897.00 | UG/L 7220.00 |X 50.00 [X Y
MSFC-029D |98Q1 TOTAL MAGNESIUM 22268.00 |UG/L 7220.00 |X 50.00 (X Y
MSFC-033D |98Q1 TOTAL MAGNESIUM 212139.00 |UG/L 7220.00 |X 50.00 [X Y
MSFC-034D |98Q1 TOTAL MAGNESIUM 18457.00 [UG/L 7220.00 |X 50.00|X Y
MSFC-039 |98Q1 TOTAL MAGNESIUM 10631.00 [UG/L 7220.00 |X 50.00 [X Y
MSFC-047 98Q1 TOTAL MAGNESIUM 7344.00 |UG/L 7220.00 |X 50.00 |X Y
MSFC-049 |98Q1 TOTAL MAGNESIUM 7888.00 | UG/L 7220.00 |X 50.00 (X Y
MSFC-051D |98Q1 TOTAL MAGNESIUM 18515.00 [UG/L 7220.00 |X 50.00 [X Y
MSFC-021R |98Q1 TOTAL MANGANESE 5659.00 | UG/L 216.00 |X 83.95(X Y
MSFC-032 98Q1 TOTAL MANGANESE 1144.00 [UG/L 216.00 |X 83.95|X Y
MSFC-039 |98Q1 TOTAL MANGANESE 516.00 |UG/L 216.00 |X 83.95(X Y
MSFC-049 |98Q1 TOTAL MANGANESE 2696.00 | UG/L 216.00 |X 83.95(X Y
MSFC-021R |98Q1 TOTAL SODIUM 36851.00 | UG/L 6790.00 |X 20000.00 |X Y
MSFC-033D |98Q1 TOTAL SODIUM 28345.00 |UG/L 6790.00 |X 20000.00 |X Y
MSFC-051D |98Q1 TOTAL SODIUM 24887.00 |UG/L 6790.00 |X 20000.00 |X Y
MSFC-021R |98Q1 CHLORIDE 2460.00 |UG/L N/A
MSFC-022R |98Q1 CHLORIDE 5730.00 |UG/L N/A
MSFC-025 |98Q1 CHLORIDE 1480.00 [UG/L N/A
MSFC-026 |98Q1 CHLORIDE 2050.00 |UG/L N/A
MSFC-029D |98Q1 CHLORIDE 1260.00 [UG/L N/A
MSFC-032 |98Q1 CHLORIDE 3420.00 |UG/L N/A
MSFC-033D |98Q1 CHLORIDE 2410.00 |UG/L N/A
MSFC-034D |98Q1 CHLORIDE 10140.00 [UG/L N/A
MSFC-038 |98Q1 CHLORIDE 2540.00 |UG/L N/A
MSFC-039 |98Q1 CHLORIDE 5430.00 | UG/L N/A
MSFC-047 ]98Q1 CHLORIDE 5440.00 | UG/L N/A
MSFC-049 |98Q1 CHLORIDE 5560.00 | UG/L N/A
MSFC-051D |98Q1 CHLORIDE 6470.00 |UG/L N/A
MSFC-021R |98Q1 SULFATE 7900.00 |UG/L N/A
MSFC-022R |98Q1 SULFATE 4640.00 |UG/L N/A
MSFC-025 |98Q1 SULFATE 14910.00 [UG/L N/A
MSFC-026 |98Q1 SULFATE 32570.00 |UG/L N/A
MSFC-029D |98Q1 SULFATE 4060.00 |UG/L N/A
MSFC-032 |98Q1 SULFATE 9700.00 | UG/L N/A
MSFC-033D |98Q1 SULFATE 8250.00 |UG/L N/A
MSFC-034D |98Q1 SULFATE 7900.00 |UG/L N/A
MSFC-039 |98Q1 SULFATE 5250.00 | UG/L N/A
MSFC-047 ]98Q1 SULFATE 3950.00 |UG/L N/A
MSFC-049 |98Q1 SULFATE 8120.00 |UG/L N/A
MSFC-051D |98Q1 SULFATE 67390.00 | UG/L N/A
MSFC-038 |98Q1 TOTAL DISSOLVED ALUMINUM 14.00 [UG/L N/A
MSFC-021R |98Q1 TOTAL DISSOLVED BARIUM 220.00 |UG/L N/A
MSFC-022R |98Q1 TOTAL DISSOLVED BARIUM 18.00 [UG/L N/A
MSFC-025 [98Q1 TOTAL DISSOLVED BARIUM 26.00 |UG/L N/A
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Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-026 |98Q1 TOTAL DISSOLVED BARIUM 34.00 |UG/L N/A
MSFC-032 |98Q1 TOTAL DISSOLVED BARIUM 39.00 |UG/L N/A
MSFC-039 |98Q1 TOTAL DISSOLVED BARIUM 39.00 |UG/L N/A
MSFC-049 |98Q1 TOTAL DISSOLVED BARIUM 71.00 |UG/L N/A
MSFC-021R |98Q1 TOTAL DISSOLVED IRON 18630.00 [UG/L N/A
MSFC-022R |98Q1 TOTAL DISSOLVED IRON 60.00 | UG/L N/A
MSFC-025 |98Q1 TOTAL DISSOLVED IRON 68.00 | UG/L N/A
MSFC-026 |98Q1 TOTAL DISSOLVED IRON 69.00 | UG/L N/A
MSFC-032 |98Q1 TOTAL DISSOLVED IRON 3345.00 |UG/L N/A
MSFC-038 |98Q1 TOTAL DISSOLVED IRON 87.00 | UG/L N/A
MSFC-039 |98Q1 TOTAL DISSOLVED IRON 360.00 |UG/L N/A
MSFC-049 |98Q1 TOTAL DISSOLVED IRON 1329.00 [UGI/L N/A
MSFC-021R |98Q1 TOTAL DISSOLVED MAGNESIUM 8560.00 | UG/L N/A
MSFC-022R |98Q1 TOTAL DISSOLVED MAGNESIUM 5355.00 | UG/L N/A
MSFC-025 98Q1 TOTAL DISSOLVED MAGNESIUM 4476.00 |UG/L N/A
MSFC-026 |98Q1 TOTAL DISSOLVED MAGNESIUM 6409.00 | UG/L N/A
MSFC-032 |98Q1 TOTAL DISSOLVED MAGNESIUM 3406.00 | UG/L N/A
MSFC-038 |98Q1 TOTAL DISSOLVED MAGNESIUM 800.00 |UG/L N/A
MSFC-039 |98Q1 TOTAL DISSOLVED MAGNESIUM 10159.00 [UG/L N/A
MSFC-049 |98Q1 TOTAL DISSOLVED MAGNESIUM 7985.00 | UG/L N/A
MSFC-021R |98Q1 TOTAL DISSOLVED MANGANESE 5149.00 |UG/L N/A
MSFC-026 |98Q1 TOTAL DISSOLVED MANGANESE 30.00 |UG/L N/A
MSFC-032 |98Q1 TOTAL DISSOLVED MANGANESE 1149.00 [UG/L N/A
MSFC-038 |98Q1 TOTAL DISSOLVED MANGANESE 28.00 |UG/L N/A
MSFC-039 |98Q1 TOTAL DISSOLVED MANGANESE 433.00 |UG/L N/A
MSFC-049 |98Q1 TOTAL DISSOLVED MANGANESE 2683.00 | UG/L N/A
MSFC-021R |98Q1 TOTAL DISSOLVED POTASSIUM 2402.00 |UG/L N/A
MSFC-022R |98Q1 TOTAL DISSOLVED POTASSIUM 589.00 | UG/L N/A
MSFC-025 |98Q1 TOTAL DISSOLVED POTASSIUM 2454.00 |UG/L N/A
MSFC-026 |98Q1 TOTAL DISSOLVED POTASSIUM 1286.00 [UG/L N/A
MSFC-032 |98Q1 TOTAL DISSOLVED POTASSIUM 374.00 |UG/L N/A
MSFC-038 |98Q1 TOTAL DISSOLVED POTASSIUM 329.00 |UG/L N/A
MSFC-039 |98Q1 TOTAL DISSOLVED POTASSIUM 417.00 |UG/L N/A
MSFC-049 |98Q1 TOTAL DISSOLVED POTASSIUM 304.00 |UG/L N/A
MSFC-021R |98Q1 TOTAL DISSOLVED SODIUM 35290.00 |UG/L N/A
MSFC-022R |98Q1 TOTAL DISSOLVED SODIUM 3728.00 |UG/L N/A
MSFC-025 |98Q1 TOTAL DISSOLVED SODIUM 2918.00 |UG/L N/A
MSFC-026 |98Q1 TOTAL DISSOLVED SODIUM 4848.00 |UG/L N/A
MSFC-032 |98Q1 TOTAL DISSOLVED SODIUM 6642.00 | UG/L N/A
MSFC-038 |98Q1 TOTAL DISSOLVED SODIUM 1288.00 [UG/L N/A
MSFC-039 |98Q1 TOTAL DISSOLVED SODIUM 4570.00 |UG/L N/A
MSFC-049 |98Q1 TOTAL DISSOLVED SODIUM 14609.00 [UG/L N/A
MSFC-021R |98Q1 TOTAL DISSOLVED SOLIDS 274000.00 |UG/L N/A
MSFC-022R |98Q1 TOTAL DISSOLVED SOLIDS 219000.00 | UG/L N/A
MSFC-025 [98Q1 TOTAL DISSOLVED SOLIDS 139000.00 [UG/L N/A
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Appendix A

Groundwater, First Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-026 |98Q1 TOTAL DISSOLVED SOLIDS 171000.00 [UG/L N/A
MSFC-029D |98Q1 TOTAL DISSOLVED SOLIDS 187000.00 [UG/L N/A
MSFC-032 |98Q1 TOTAL DISSOLVED SOLIDS 145000.00 [UG/L N/A
MSFC-033D |98Q1 TOTAL DISSOLVED SOLIDS 214000.00 |UG/L N/A
MSFC-034D |98Q1 TOTAL DISSOLVED SOLIDS 202000.00 |UG/L N/A
MSFC-038 |98Q1 TOTAL DISSOLVED SOLIDS 33000.00 |UG/L N/A
MSFC-039 |98Q1 TOTAL DISSOLVED SOLIDS 198000.00 [UG/L N/A
MSFC-047 ]98Q1 TOTAL DISSOLVED SOLIDS 212000.00 |UG/L N/A
MSFC-049 |98Q1 TOTAL DISSOLVED SOLIDS 300000.00 | UG/L N/A
MSFC-051D |98Q1 TOTAL DISSOLVED SOLIDS 253000.00 | UG/L N/A
MSFC-022R |98Q1 TOTAL ALUMINUM 30.00 [UG/L 2970.00 200.00 N
MSFC-025 |98Q1 TOTAL ALUMINUM 106.00 [UG/L 2970.00 200.00 N
MSFC-026 |98Q1 TOTAL ALUMINUM 12.00 [UGI/L 2970.00 200.00 N
MSFC-032 |98Q1 TOTAL ALUMINUM 90.00 |UG/L 2970.00 200.00 N
MSFC-033D |98Q1 TOTAL ALUMINUM 139.00 [UG/L 2970.00 200.00 N
MSFC-038 |98Q1 TOTAL ALUMINUM 532.00 |UG/L 2970.00 200.00 N
MSFC-039 |98Q1 TOTAL ALUMINUM 28.00 |UG/L 2970.00 200.00 N
MSFC-049 |98Q1 TOTAL ALUMINUM 66.00 | UG/L 2970.00 200.00 N
MSFC-021R |98Q1 TOTAL BARIUM 277.00 |UG/L 41.30 |X 2000.00 N
MSFC-022R |98Q1 TOTAL BARIUM 18.00 [UGI/L 41.30 2000.00 N
MSFC-025 |98Q1 TOTAL BARIUM 28.00 |UG/L 41.30 2000.00 N
MSFC-026 |98Q1 TOTAL BARIUM 34.00 |UG/L 41.30 2000.00 N
MSFC-029D |98Q1 TOTAL BARIUM 21.00 |UG/L 41.30 2000.00 N
MSFC-032 |98Q1 TOTAL BARIUM 40.00 |UG/L 41.30 2000.00 N
MSFC-033D |98Q1 TOTAL BARIUM 57.00 |UG/L 41.30 |X 2000.00 N
MSFC-034D |98Q1 TOTAL BARIUM 35.00 |UG/L 41.30 2000.00 N
MSFC-039 |98Q1 TOTAL BARIUM 42.00 |UG/L 41.30 |X 2000.00 N
MSFC-047 ]98Q1 TOTAL BARIUM 15.00 [UGI/L 41.30 2000.00 N
MSFC-049 |98Q1 TOTAL BARIUM 73.00 |UG/L 41.30 |X 2000.00 N
MSFC-051D |98Q1 TOTAL BARIUM 22.00 |UG/L 41.30 2000.00 N
MSFC-022R |98Q1 TOTAL IRON 122.00 [UG/L 4640.00 11000.00 N
MSFC-025 |98Q1 TOTAL IRON 104.00 [UG/L 4640.00 11000.00 N
MSFC-026 |98Q1 TOTAL IRON 78.00 |UG/L 4640.00 11000.00 N
MSFC-029D |98Q1 TOTAL IRON 110.00 [UG/L 4640.00 11000.00 N
MSFC-032 |98Q1 TOTAL IRON 3392.00 |UG/L 4640.00 11000.00 N
MSFC-033D |98Q1 TOTAL IRON 242.00 |UG/L 4640.00 11000.00 N
MSFC-034D |98Q1 TOTAL IRON 83.00 |UG/L 4640.00 11000.00 N
MSFC-038 |98Q1 TOTAL IRON 396.00 |UG/L 4640.00 11000.00 N
MSFC-039 |98Q1 TOTAL IRON 665.00 | UG/L 4640.00 11000.00 N
MSFC-047 ]98Q1 TOTAL IRON 61.00 | UG/L 4640.00 11000.00 N
MSFC-049 |98Q1 TOTAL IRON 2270.00 |UG/L 4640.00 11000.00 N
MSFC-051D |98Q1 TOTAL IRON 53.00 |UG/L 4640.00 11000.00 N
MSFC-022R |98Q1 TOTAL MAGNESIUM 5336.00 | UG/L 7220.00 50.00 N
MSFC-025 |98Q1 TOTAL MAGNESIUM 4734.00 |UG/L 7220.00 50.00 N
MSFC-026 |98Q1 TOTAL MAGNESIUM 6528.00 | UG/L 7220.00 50.00 N
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Appendix A

Groundwater, First Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance
Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-032 |98Q1 TOTAL MAGNESIUM 3459.00 |UG/L 7200.00 50.00 N
MSFC-038 |98Q1 TOTAL MAGNESIUM 843.00 |UG/L 7200.00 50.00 N
MSFC-025 |98Q1 TOTAL MANGANESE 19.00 [UGI/L 216.00 83.95 N
MSFC-026 |98Q1 TOTAL MANGANESE 36.00 |UG/L 216.00 83.95 N
MSFC-029D |98Q1 TOTAL MANGANESE 25.00 |UG/L 216.00 83.95 N
MSFC-033D |98Q1 TOTAL MANGANESE 29.00 |UG/L 216.00 83.95 N
MSFC-034D |98Q1 TOTAL MANGANESE 21.00 |UG/L 216.00 83.95 N
MSFC-038 |98Q1 TOTAL MANGANESE 62.00 |UG/L 216.00 83.95 N
MSFC-021R |98Q1 TOTAL NICKEL 19.00 [UG/L 35.40 100.00 N
MSFC-021R |98Q1 TOTAL POTASSIUM 2504.00 |UG/L 2620.00 N
MSFC-022R |98Q1 TOTAL POTASSIUM 573.00 |UG/L 2620.00 N
MSFC-025 |98Q1 TOTAL POTASSIUM 2549.00 |UG/L 2620.00 N
MSFC-026 |98Q1 TOTAL POTASSIUM 1288.00 [UG/L 2620.00 N
MSFC-029D |98Q1 TOTAL POTASSIUM 1771.00 [UG/L 2620.00 N
MSFC-032 |98Q1 TOTAL POTASSIUM 386.00 |UG/L 2620.00 N
MSFC-033D |98Q1 TOTAL POTASSIUM 2016.00 |UG/L 2620.00 N
MSFC-034D |98Q1 TOTAL POTASSIUM 410.00 |UG/L 2620.00 N
MSFC-038 |98Q1 TOTAL POTASSIUM 374.00 |UG/L 2620.00 N
MSFC-039 |98Q1 TOTAL POTASSIUM 444.00 |UG/L 2620.00 N
MSFC-047 ]98Q1 TOTAL POTASSIUM 697.00 |UG/L 2620.00 N
MSFC-049 |98Q1 TOTAL POTASSIUM 309.00 |UG/L 2620.00 N
MSFC-051D |98Q1 TOTAL POTASSIUM 938.00 |UG/L 2620.00 N
MSFC-022R |98Q1 TOTAL SODIUM 3708.00 | UG/L 6790.00 20000.00 N
MSFC-025 |98Q1 TOTAL SODIUM 3085.00 | UG/L 6790.00 20000.00 N
MSFC-026 |98Q1 TOTAL SODIUM 4850.00 |UG/L 6790.00 20000.00 N
MSFC-029D |98Q1 TOTAL SODIUM 5693.00 | UG/L 6790.00 20000.00 N
MSFC-032 |98Q1 TOTAL SODIUM 6668.00 | UG/L 6790.00 20000.00 N
MSFC-034D |98Q1 TOTAL SODIUM 2394.00 |UG/L 6790.00 20000.00 N
MSFC-038 |98Q1 TOTAL SODIUM 1305.00 [UG/L 6790.00 20000.00 N
MSFC-039 |98Q1 TOTAL SODIUM 4808.00 |UG/L 6790.00 20000.00 N
MSFC-047 ]98Q1 TOTAL SODIUM 4078.00 |UG/L 6790.00 20000.00 N
MSFC-049 |98Q1 TOTAL SODIUM 14797.00 [UG/L 6790.00 |X 20000.00 N
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Appendix A

Groundwater, Second Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-021R |98Q2 TOTAL IRON 23998.00 | UG/L 4640.00 |X 11000.00 (X Y
MSFC-029D |98Q2 TOTAL LEAD 5034.00 | UG/L 3.70 |X 15.00 (X Y
MSFC-021R |98Q2 TOTAL MAGNESIUM 7988.00 | UG/L 7220.00 |X 50.00 (X Y
MSFC-033D |98Q2 TOTAL MAGNESIUM 19922.00 [UG/L 7220.00 |X 50.00 [X Y
MSFC-034D |98Q2 TOTAL MAGNESIUM 17614.00 [UG/L 7220.00 |X 50.00|X Y
MSFC-039 |98Q2 TOTAL MAGNESIUM 10356.00 [UG/L 7220.00 |X 50.00 [X Y
MSFC-051D |98Q2 TOTAL MAGNESIUM 18632.00 [UG/L 7220.00 |X 50.00 [X Y
MSFC-021R |98Q2 TOTAL MANGANESE 3870.00 |UG/L 216.00 |X 83.95(X Y
MSFC-032 ]98Q2 TOTAL MANGANESE 797.00 |UG/L 216.00 |X 83.95(X Y
MSFC-039 |98Q2 TOTAL MANGANESE 471.00 |UG/L 216.00 |X 83.95(X Y
MSFC-049 |98Q2 TOTAL MANGANESE 58333.00 | UG/L 216.00 |X 83.95(X Y
MSFC-021R |98Q2 TOTAL SODIUM 36505.00 | UG/L 6790.00 |X 20000.00 |X Y
MSFC-033D |98Q2 TOTAL SODIUM 22831.00 |UG/L 6790.00 |X 20000.00 |X Y
MSFC-051D |98Q2 TOTAL SODIUM 24490.00 |UG/L 6790.00 |X 20000.00 |X Y
MSFC-021R |98Q2 CHLORIDE 2220.00 |UG/L N/A
MSFC-022R |98Q2 CHLORIDE 4870.00 |UG/L N/A
MSFC-025 |98Q2 CHLORIDE 1200.00 [UG/L N/A
MSFC-026 |98Q2 CHLORIDE 1520.00 [UG/L N/A
MSFC-029D |98Q2 CHLORIDE 1010.00 [UG/L N/A
MSFC-032 |98Q2 CHLORIDE 2770.00 |UG/L N/A
MSFC-033D |98Q2 CHLORIDE 2110.00 |UG/L N/A
MSFC-034D |98Q2 CHLORIDE 9730.00 | UG/L N/A
MSFC-038 |98Q2 CHLORIDE 2130.00 |UG/L N/A
MSFC-039 |98Q2 CHLORIDE 4960.00 |UG/L N/A
MSFC-047 ]98Q2 CHLORIDE 5080.00 | UG/L N/A
MSFC-049 ]98Q2 CHLORIDE 4930.00 |UG/L N/A
MSFC-051D |98Q2 CHLORIDE 5990.00 | UG/L N/A
MSFC-021R |98Q2 SULFATE 7550.00 |UG/L N/A
MSFC-022R |98Q2 SULFATE 3920.00 |UG/L N/A
MSFC-025 |98Q2 SULFATE 4960.00 |UG/L N/A
MSFC-026 |98Q2 SULFATE 37600.00 | UG/L N/A
MSFC-029D |98Q2 SULFATE 3440.00 |UG/L N/A
MSFC-032 |98Q2 SULFATE 8920.00 |UG/L N/A
MSFC-033D |98Q2 SULFATE 6970.00 | UG/L N/A
MSFC-034D |98Q2 SULFATE 7790.00 |UG/L N/A
MSFC-038 |98Q2 SULFATE 180.00 [UG/L N/A
MSFC-039 |98Q2 SULFATE 5120.00 |UG/L N/A
MSFC-047 ]98Q2 SULFATE 3960.00 | UG/L N/A
MSFC-049 ]98Q2 SULFATE 3810.00 |UG/L N/A
MSFC-051D |98Q2 SULFATE 71920.00 |UG/L N/A
MSFC-029D |98Q2 TOTAL DISSOLVED ALUMINUM 18.00 [UG/L N/A
MSFC-021R |98Q2 TOTAL DISSOLVED BARIUM 280.00 |UG/L N/A
MSFC-022R |98Q2 TOTAL DISSOLVED BARIUM 16.00 [UG/L N/A
MSFC-025 |98Q2 TOTAL DISSOLVED BARIUM 30.00 | UG/L N/A
MSFC-026 |98Q2 TOTAL DISSOLVED BARIUM 37.00 |UG/L N/A
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Appendix A

Groundwater, Second Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-032 ]98Q2 TOTAL DISSOLVED BARIUM 40.00 |UG/L N/A
MSFC-039 |98Q2 TOTAL DISSOLVED BARIUM 33.00 |UG/L N/A
MSFC-049 ]98Q2 TOTAL DISSOLVED BARIUM 53.00 |UG/L N/A
MSFC-029D |98Q2 TOTAL DISSOLVED CADMIUM 38.00 |UG/L N/A
MSFC-029D |98Q2 TOTAL DISSOLVED CHROMIUM 3465.00 |UG/L N/A
MSFC-021R |98Q2 TOTAL DISSOLVED IRON 16735.00 [UG/L N/A
MSFC-022R |98Q2 TOTAL DISSOLVED IRON 24.00 [UG/L N/A
MSFC-025 |98Q2 TOTAL DISSOLVED IRON 51.00 |UG/L N/A
MSFC-026 |98Q2 TOTAL DISSOLVED IRON 35.00 |UG/L N/A
MSFC-029D |98Q2 TOTAL DISSOLVED IRON 1579.00 [UG/L N/A
MSFC-032 98Q2 TOTAL DISSOLVED IRON 2047.00 |UG/L N/A
MSFC-038 |98Q2 TOTAL DISSOLVED IRON 36.00 |UG/L N/A
MSFC-039 |98Q2 TOTAL DISSOLVED IRON 331.00 |UG/L N/A
MSFC-049 |98Q2 TOTAL DISSOLVED IRON 155.00 [UG/L N/A
MSFC-021R |98Q2 TOTAL DISSOLVED MAGNESIUM 7966.00 | UG/L N/A
MSFC-022R |98Q2 TOTAL DISSOLVED MAGNESIUM 5224.00 |UG/L N/A
MSFC-025 ]98Q2 TOTAL DISSOLVED MAGNESIUM 4990.00 |UG/L N/A
MSFC-026 |98Q2 TOTAL DISSOLVED MAGNESIUM 6677.00 |UG/L N/A
MSFC-032 |98Q2 TOTAL DISSOLVED MAGNESIUM 3344.00 |UG/L N/A
MSFC-038 |98Q2 TOTAL DISSOLVED MAGNESIUM 697.00 |UG/L N/A
MSFC-039 |98Q2 TOTAL DISSOLVED MAGNESIUM 10002.00 [UG/L N/A
MSFC-049 ]98Q2 TOTAL DISSOLVED MAGNESIUM 6753.00 | UG/L N/A
MSFC-021R |98Q2 TOTAL DISSOLVED MANGANESE 3762.00 |UG/L N/A
MSFC-026 |98Q2 TOTAL DISSOLVED MANGANESE 46.00 |UG/L N/A
MSFC-032 ]98Q2 TOTAL DISSOLVED MANGANESE 788.00 |UG/L N/A
MSFC-038 |98Q2 TOTAL DISSOLVED MANGANESE 29.00 |UG/L N/A
MSFC-039 |98Q2 TOTAL DISSOLVED MANGANESE 450.00 |UG/L N/A
MSFC-049 ]98Q2 TOTAL DISSOLVED MANGANESE 1418.00 [UG/L N/A
MSFC-021R |98Q2 TOTAL DISSOLVED POTASSIUM 2559.00 |UG/L N/A
MSFC-022R |98Q2 TOTAL DISSOLVED POTASSIUM 561.00 |UG/L N/A
MSFC-025 |98Q2 TOTAL DISSOLVED POTASSIUM 2728.00 |UG/L N/A
MSFC-026 98Q2 TOTAL DISSOLVED POTASSIUM 1324.00 [UG/L N/A
MSFC-032 ]98Q2 TOTAL DISSOLVED POTASSIUM 365.00 |UG/L N/A
MSFC-038 |98Q2 TOTAL DISSOLVED POTASSIUM 289.00 |UG/L N/A
MSFC-039 |98Q2 TOTAL DISSOLVED POTASSIUM 407.00 |UG/L N/A
MSFC-049 |98Q2 TOTAL DISSOLVED POTASSIUM 367.00 |UG/L N/A
MSFC-021R |98Q2 TOTAL DISSOLVED SODIUM 36504.00 |UG/L N/A
MSFC-022R |98Q2 TOTAL DISSOLVED SODIUM 3088.00 | UG/L N/A
MSFC-025 |98Q2 TOTAL DISSOLVED SODIUM 3695.00 | UG/L N/A
MSFC-026 98Q2 TOTAL DISSOLVED SODIUM 3754.00 |UG/L N/A
MSFC-032 ]98Q2 TOTAL DISSOLVED SODIUM 6047.00 |UG/L N/A
MSFC-038 |98Q2 TOTAL DISSOLVED SODIUM 1244.00 [UG/L N/A
MSFC-039 |98Q2 TOTAL DISSOLVED SODIUM 3774.00 |UG/L N/A
MSFC-049 |98Q2 TOTAL DISSOLVED SODIUM 8251.00 |UG/L N/A
MSFC-021R |98Q2 TOTAL DISSOLVED SOLIDS 246000.00 | UG/L N/A
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Appendix A

Groundwater, Second Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-022R |98Q2 TOTAL DISSOLVED SOLIDS 205000.00 | UG/L N/A
MSFC-025 |98Q2 TOTAL DISSOLVED SOLIDS 180000.00 [UG/L N/A
MSFC-026 |98Q2 TOTAL DISSOLVED SOLIDS 223000.00 |UG/L N/A
MSFC-029D |98Q2 TOTAL DISSOLVED SOLIDS 185000.00 [UG/L N/A
MSFC-032 |98Q2 TOTAL DISSOLVED SOLIDS 157000.00 [UG/L N/A
MSFC-033D |98Q2 TOTAL DISSOLVED SOLIDS 215000.00 | UG/L N/A
MSFC-034D |98Q2 TOTAL DISSOLVED SOLIDS 207000.00 | UG/L N/A
MSFC-038 |98Q2 TOTAL DISSOLVED SOLIDS 15000.00 [UG/L N/A
MSFC-039 |98Q2 TOTAL DISSOLVED SOLIDS 228000.00 | UG/L N/A
MSFC-047 ]98Q2 TOTAL DISSOLVED SOLIDS 218000.00 | UG/L N/A
MSFC-049 |98Q2 TOTAL DISSOLVED SOLIDS 249000.00 |UG/L N/A
MSFC-051D |98Q2 TOTAL DISSOLVED SOLIDS 249000.00 |UG/L N/A
MSFC-025 ]98Q2 TOTAL POTASSIUM 2740.00 |UG/L 2620.00 |X N/A
MSFC-022R |98Q2 TOTAL ALUMINUM 13.00 [UG/L 2970.00 200.00 N
MSFC-025 |98Q2 TOTAL ALUMINUM 83.00 |UG/L 2970.00 200.00 N
MSFC-032 ]98Q2 TOTAL ALUMINUM 123.00 [UGI/L 2970.00 200.00 N
MSFC-033D |98Q2 TOTAL ALUMINUM 85.00 | UG/L 2970.00 200.00 N
MSFC-038 |98Q2 TOTAL ALUMINUM 397.00 |UG/L 2970.00 200.00|X N
MSFC-021R |98Q2 TOTAL BARIUM 292.00 |UG/L 41.30 |X 2000.00 N
MSFC-022R |98Q2 TOTAL BARIUM 18.00 [UGI/L 41.30 2000.00 N
MSFC-025 |98Q2 TOTAL BARIUM 30.00 |UG/L 41.30 2000.00 N
MSFC-026 |98Q2 TOTAL BARIUM 38.00 |UG/L 41.30 2000.00 N
MSFC-032 |98Q2 TOTAL BARIUM 39.00 |UG/L 41.30 2000.00 N
MSFC-033D |98Q2 TOTAL BARIUM 45.00 |UG/L 41.30 |X 2000.00 N
MSFC-034D |98Q2 TOTAL BARIUM 34.00 |UG/L 41.30 2000.00 N
MSFC-039 |98Q2 TOTAL BARIUM 32.00 |UG/L 41.30 2000.00 N
MSFC-047 |98Q2 TOTAL BARIUM 13.00 [UG/L 41.30 2000.00 N
MSFC-049 ]98Q2 TOTAL BARIUM 52.00 |UG/L 41.30 |X 2000.00 N
MSFC-051D |98Q2 TOTAL BARIUM 21.00 |UG/L 41.30 2000.00 N
MSFC-029D |98Q2 TOTAL COPPER 16.00 [UG/L 1300.00 N
MSFC-022R |98Q2 TOTAL IRON 44.00 |UG/L 4640.00 11000.00 N
MSFC-025 |98Q2 TOTAL IRON 67.00 |UG/L 4640.00 11000.00 N
MSFC-026 |98Q2 TOTAL IRON 45.00 |UG/L 4640.00 11000.00 N
MSFC-032 ]98Q2 TOTAL IRON 2232.00 |UG/L 4640.00 11000.00 N
MSFC-033D |98Q2 TOTAL IRON 108.00 [UG/L 4640.00 11000.00 N
MSFC-034D |98Q2 TOTAL IRON 52.00 |UG/L 4640.00 11000.00 N
MSFC-038 |98Q2 TOTAL IRON 325.00 |UG/L 4640.00 11000.00 N
MSFC-039 |98Q2 TOTAL IRON 1218.00 [UGI/L 4640.00 11000.00 N
MSFC-047 ]98Q2 TOTAL IRON 37.00 |UG/L 4640.00 11000.00 N
MSFC-049 ]98Q2 TOTAL IRON 309.00 |UG/L 4640.00 11000.00 N
MSFC-051D |98Q2 TOTAL IRON 58.00 | UG/L 4640.00 11000.00 N
MSFC-022R |98Q2 TOTAL MAGNESIUM 5127.00 |UG/L 7220.00 50.00 [X N
MSFC-025 |98Q2 TOTAL MAGNESIUM 5005.00 | UG/L 7220.00 50.00 [X N
MSFC-026 |98Q2 TOTAL MAGNESIUM 6946.00 | UG/L 7220.00 50.00 X N
MSFC-032 [98Q2 TOTAL MAGNESIUM 3407.00 |UG/L 7220.00 50.00 [X N
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Appendix A

Groundwater, Second Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance
Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-038 |98Q2 TOTAL MAGNESIUM 622.00 |UG/L 7220.00 50.00 N
MSFC-047 ]98Q2 TOTAL MAGNESIUM 6235.00 | UG/L 7220.00 50.00 N
MSFC-049 ]98Q2 TOTAL MAGNESIUM 6855.00 | UG/L 7220.00 50.00 N
MSFC-025 |98Q2 TOTAL MANGANESE 11.00 [UG/L 216.00 83.95 N
MSFC-026 |98Q2 TOTAL MANGANESE 51.00 |UG/L 216.00 83.95 N
MSFC-038 |98Q2 TOTAL MANGANESE 42.00 |UG/L 216.00 83.95 N
MSFC-021R |98Q2 TOTAL POTASSIUM 2593.00 |UG/L 2620.00 N
MSFC-022R |98Q2 TOTAL POTASSIUM 556.00 | UG/L 2620.00 N
MSFC-026 |98Q2 TOTAL POTASSIUM 1374.00 [UG/L 2620.00 N
MSFC-032 |98Q2 TOTAL POTASSIUM 364.00 |UG/L 2620.00 N
MSFC-033D |98Q2 TOTAL POTASSIUM 1667.00 [UG/L 2620.00 N
MSFC-034D |98Q2 TOTAL POTASSIUM 409.00 |UG/L 2620.00 N
MSFC-038 |98Q2 TOTAL POTASSIUM 380.00 |UG/L 2620.00 N
MSFC-039 |98Q2 TOTAL POTASSIUM 411.00 |UG/L 2620.00 N
MSFC-047 ]98Q2 TOTAL POTASSIUM 608.00 | UG/L 2620.00 N
MSFC-049 ]98Q2 TOTAL POTASSIUM 372.00 |UG/L 2620.00 N
MSFC-051D |98Q2 TOTAL POTASSIUM 912.00 |UG/L 2620.00 N
MSFC-022R |98Q2 TOTAL SODIUM 3221.00 |UG/L 6790.00 20000.00 N
MSFC-025 |98Q2 TOTAL SODIUM 3708.00 | UG/L 6790.00 20000.00 N
MSFC-026 |98Q2 TOTAL SODIUM 3923.00 |UG/L 6790.00 20000.00 N
MSFC-032 ]98Q2 TOTAL SODIUM 6055.00 | UG/L 6790.00 20000.00 N
MSFC-034D |98Q2 TOTAL SODIUM 2302.00 |UG/L 6790.00 20000.00 N
MSFC-038 |98Q2 TOTAL SODIUM 1313.00 [UG/L 6790.00 20000.00 N
MSFC-039 |98Q2 TOTAL SODIUM 3869.00 | UG/L 6790.00 20000.00 N
MSFC-047 ]98Q2 TOTAL SODIUM 3506.00 | UG/L 6790.00 20000.00 N
MSFC-049 ]98Q2 TOTAL SODIUM 8380.00 | UG/L 6790.00 |X 20000.00 N
MSFC-038 |98Q2 TOTAL ZINC 10.00 [UG/L 92.10 5000.00 N
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Appendix A

Groundwater, Third Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-021R |98Q3 TOTAL IRON 32313.00 |UG/L 4640.00 |X 11000.00 (X Y
MSFC-029D |98Q3 TOTAL MAGNESIUM 21484.00 |UG/L 7220.00 |X 50.00 [X Y
MSFC-033D |98Q3 TOTAL MAGNESIUM 20201.00 |UG/L 7220.00 |X 50.00 (X Y
MSFC-034D |98Q3 TOTAL MAGNESIUM 18313.00 [UG/L 7220.00 |X 50.00 [X Y
MSFC-039 |98Q3 TOTAL MAGNESIUM 11333.00 [UGI/L 7220.00 |X 50.00|X Y
MSFC-051D |98Q3 TOTAL MAGNESIUM 17330.00 [UG/L 7220.00 |X 50.00 [X Y
MSFC-021R |98Q3 TOTAL MANGANESE 3509.00 |UG/L 216.00 |X 83.95(X Y
MSFC-032 |98Q3 TOTAL MANGANESE 2147.00 |UG/L 216.00 |X 83.95(X Y
MSFC-021R |98Q3 TOTAL SODIUM 60656.00 | UG/L 6790.00 |X 20000.00 |X Y
MSFC-033D |98Q3 TOTAL SODIUM 25489.00 |UG/L 6790.00 |X 20000.00 |X Y
MSFC-051D |98Q3 TOTAL SODIUM 25113.00 |UG/L 6790.00 |X 20000.00 |X Y
MSFC-021R |98Q3 CHLORIDE 4060.00 |UG/L N/A
MSFC-022R |98Q3 CHLORIDE 4520.00 |UG/L N/A
MSFC-025 |98Q3 CHLORIDE 6490.00 | UG/L N/A
MSFC-026 |98Q3 CHLORIDE 6920.00 | UG/L N/A
MSFC-029D |98Q3 CHLORIDE 980.00 |UG/L N/A
MSFC-032 |98Q3 CHLORIDE 5290.00 |UG/L N/A
MSFC-033D |98Q3 CHLORIDE 2290.00 |UG/L N/A
MSFC-034D |98Q3 CHLORIDE 9340.00 | UG/L N/A
MSFC-038 |98Q3 CHLORIDE 2200.00 |UG/L N/A
MSFC-039 |98Q3 CHLORIDE 5090.00 | UG/L N/A
MSFC-047 ]98Q3 CHLORIDE 4570.00 |UG/L N/A
MSFC-049 |98Q3 CHLORIDE 3810.00 |UG/L N/A
MSFC-051D |98Q3 CHLORIDE 9170.00 |UG/L N/A
MSFC-021R |98Q3 SULFATE 29360.00 |UG/L N/A
MSFC-022R |98Q3 SULFATE 3430.00 |UG/L N/A
MSFC-025 |98Q3 SULFATE 24010.00 |UG/L N/A
MSFC-026 |98Q3 SULFATE 42850.00 |UG/L N/A
MSFC-029D |98Q3 SULFATE 5230.00 |UG/L N/A
MSFC-032 |98Q3 SULFATE 5890.00 | UG/L N/A
MSFC-033D |98Q3 SULFATE 14770.00 [UG/L N/A
MSFC-034D |98Q3 SULFATE 8460.00 | UG/L N/A
MSFC-038 |98Q3 SULFATE 200.00 |UG/L N/A
MSFC-039 |98Q3 SULFATE 5540.00 | UG/L N/A
MSFC-047 ]98Q3 SULFATE 3380.00 | UG/L N/A
MSFC-049 |98Q3 SULFATE 4050.00 |UG/L N/A
MSFC-051D |98Q3 SULFATE 57620.00 |UG/L N/A
MSFC-022R |98Q3 TOTAL DISSOLVED ALUMINUM 11.00 [UG/L N/A
MSFC-025 |98Q3 TOTAL DISSOLVED ALUMINUM 18.00 [UG/L N/A
MSFC-038 98Q3 TOTAL DISSOLVED ALUMINUM 28.00 [UG/L N/A
MSFC-049 |98Q3 TOTAL DISSOLVED ALUMINUM 247.00 |UG/L N/A
MSFC-021R |98Q3 TOTAL DISSOLVED BARIUM 548.00 | UG/L N/A
MSFC-022R |98Q3 TOTAL DISSOLVED BARIUM 28.00 |UG/L N/A
MSFC-025 |98Q3 TOTAL DISSOLVED BARIUM 55.00 | UG/L N/A
MSFC-026 |98Q3 TOTAL DISSOLVED BARIUM 70.00 |UG/L N/A
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Appendix A
Groundwater, Third Quarter 1998
QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-032 |98Q3 TOTAL DISSOLVED BARIUM 84.00 |UG/L N/A
MSFC-038 |98Q3 TOTAL DISSOLVED BARIUM 13.00 [UG/L N/A
MSFC-039 |98Q3 TOTAL DISSOLVED BARIUM 35.00 |UG/L N/A
MSFC-049 |98Q3 TOTAL DISSOLVED BARIUM 73.00 |UG/L N/A
MSFC-021R |98Q3 TOTAL DISSOLVED IRON 32898.00 |UG/L N/A
MSFC-022R |98Q3 TOTAL DISSOLVED IRON 147.00 [UG/L N/A
MSFC-025 98Q3 TOTAL DISSOLVED IRON 158.00 [UG/L N/A
MSFC-026 |98Q3 TOTAL DISSOLVED IRON 155.00 [UG/L N/A
MSFC-032 |98Q3 TOTAL DISSOLVED IRON 7122.00 |UG/L N/A
MSFC-038 |98Q3 TOTAL DISSOLVED IRON 108.00 [UG/L N/A
MSFC-039 |98Q3 TOTAL DISSOLVED IRON 220.00 |UG/L N/A
MSFC-049 |98Q3 TOTAL DISSOLVED IRON 132.00 [UGI/L N/A
MSFC-021R |98Q3 TOTAL DISSOLVED MAGNESIUM 6482.00 | UG/L N/A
MSFC-022R |98Q3 TOTAL DISSOLVED MAGNESIUM 5650.00 | UG/L N/A
MSFC-025 98Q3 TOTAL DISSOLVED MAGNESIUM 5842.00 |UG/L N/A
MSFC-026 |98Q3 TOTAL DISSOLVED MAGNESIUM 6512.00 |UG/L N/A
MSFC-032 |98Q3 TOTAL DISSOLVED MAGNESIUM 3420.00 |UG/L N/A
MSFC-038 |98Q3 TOTAL DISSOLVED MAGNESIUM 573.00 |UG/L N/A
MSFC-039 |98Q3 TOTAL DISSOLVED MAGNESIUM 11320.00 [UG/L N/A
MSFC-049 |98Q3 TOTAL DISSOLVED MAGNESIUM 6871.00 |UG/L N/A
MSFC-021R |98Q3 TOTAL DISSOLVED MANGANESE 3639.00 | UG/L N/A
MSFC-026 |98Q3 TOTAL DISSOLVED MANGANESE 19.00 [UG/L N/A
MSFC-032 |98Q3 TOTAL DISSOLVED MANGANESE 2177.00 |UG/L N/A
MSFC-038 |98Q3 TOTAL DISSOLVED MANGANESE 35.00 |UG/L N/A
MSFC-039 |98Q3 TOTAL DISSOLVED MANGANESE 120.00 [UG/L N/A
MSFC-049 ]98Q3 TOTAL DISSOLVED MANGANESE 61.00 |UG/L N/A
MSFC-021R |98Q3 TOTAL DISSOLVED NICKEL 66.00 | UG/L N/A
MSFC-022R |98Q3 TOTAL DISSOLVED NICKEL 64.00 | UG/L N/A
MSFC-025 |98Q3 TOTAL DISSOLVED NICKEL 62.00 |UG/L N/A
MSFC-026 |98Q3 TOTAL DISSOLVED NICKEL 65.00 |UG/L N/A
MSFC-032 |98Q3 TOTAL DISSOLVED NICKEL 60.00 | UG/L N/A
MSFC-038 98Q3 TOTAL DISSOLVED NICKEL 57.00 [UG/L N/A
MSFC-039 |98Q3 TOTAL DISSOLVED NICKEL 58.00 | UG/L N/A
MSFC-049 |98Q3 TOTAL DISSOLVED NICKEL 56.00 | UG/L N/A
MSFC-021R |98Q3 TOTAL DISSOLVED POTASSIUM 3515.00 |UG/L N/A
MSFC-022R |98Q3 TOTAL DISSOLVED POTASSIUM 523.00 |UG/L N/A
MSFC-025 |98Q3 TOTAL DISSOLVED POTASSIUM 2579.00 |UG/L N/A
MSFC-026 |98Q3 TOTAL DISSOLVED POTASSIUM 1356.00 [UG/L N/A
MSFC-032 |98Q3 TOTAL DISSOLVED POTASSIUM 388.00 |UG/L N/A
MSFC-038 |98Q3 TOTAL DISSOLVED POTASSIUM 231.00 |UG/L N/A
MSFC-039 |98Q3 TOTAL DISSOLVED POTASSIUM 380.00 |UG/L N/A
MSFC-049 |98Q3 TOTAL DISSOLVED POTASSIUM 380.00 |UG/L N/A
MSFC-021R |98Q3 TOTAL DISSOLVED SODIUM 60754.00 | UG/L N/A
MSFC-022R |98Q3 TOTAL DISSOLVED SODIUM 3035.00 | UG/L N/A
MSFC-025 [98Q3 TOTAL DISSOLVED SODIUM 6970.00 | UG/L N/A
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Appendix A

Groundwater, Third Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-026 |98Q3 TOTAL DISSOLVED SODIUM 11017.00 [UGI/L N/A
MSFC-032 |98Q3 TOTAL DISSOLVED SODIUM 6474.00 |UG/L N/A
MSFC-038 |98Q3 TOTAL DISSOLVED SODIUM 1122.00 [UGI/L N/A
MSFC-039 |98Q3 TOTAL DISSOLVED SODIUM 3204.00 |UG/L N/A
MSFC-049 |98Q3 TOTAL DISSOLVED SODIUM 4160.00 |UG/L N/A
MSFC-021R |98Q3 TOTAL DISSOLVED SOLIDS 287000.00 | UG/L N/A
MSFC-022R |98Q3 TOTAL DISSOLVED SOLIDS 219000.00 |UG/L N/A
MSFC-025 |98Q3 TOTAL DISSOLVED SOLIDS 195000.00 [UG/L N/A
MSFC-026 |98Q3 TOTAL DISSOLVED SOLIDS 228000.00 | UG/L N/A
MSFC-029D |98Q3 TOTAL DISSOLVED SOLIDS 187000.00 [UG/L N/A
MSFC-032 |98Q3 TOTAL DISSOLVED SOLIDS 171000.00 [UG/L N/A
MSFC-033D |98Q3 TOTAL DISSOLVED SOLIDS 222000.00 |UG/L N/A
MSFC-034D |98Q3 TOTAL DISSOLVED SOLIDS 203000.00 | UG/L N/A
MSFC-038 |98Q3 TOTAL DISSOLVED SOLIDS 8000.00 | UG/L N/A
MSFC-039 |98Q3 TOTAL DISSOLVED SOLIDS 191000.00 [UG/L N/A
MSFC-047 ]98Q3 TOTAL DISSOLVED SOLIDS 167000.00 [UG/L N/A
MSFC-049 |98Q3 TOTAL DISSOLVED SOLIDS 205000.00 | UG/L N/A
MSFC-051D |98Q3 TOTAL DISSOLVED SOLIDS 220000.00 |UG/L N/A
MSFC-025 |98Q3 TOTAL DISSOLVED ZINC 24.00 |UG/L N/A
MSFC-026 |98Q3 TOTAL DISSOLVED ZINC 36.00 |UG/L N/A
MSFC-032 |98Q3 TOTAL DISSOLVED ZINC 11.00 [UG/L N/A
MSFC-021R |98Q3 TOTAL POTASSIUM 3436.00 |UG/L 2620.00 |X N/A
MSFC-025 |98Q3 TOTAL POTASSIUM 2677.00 |UG/L 2620.00 |X N/A
MSFC-021R |98Q3 TOTAL ALUMINUM 21.00 |UG/L 2970.00 200.00 N
MSFC-022R |98Q3 TOTAL ALUMINUM 31.00 |UG/L 2970.00 200.00 N
MSFC-025 |98Q3 TOTAL ALUMINUM 301.00 |UG/L 2970.00 200.00 N
MSFC-026 |98Q3 TOTAL ALUMINUM 151.00 [UG/L 2970.00 200.00 N
MSFC-029D |98Q3 TOTAL ALUMINUM 28.00 |UG/L 2970.00 200.00 N
MSFC-032 |98Q3 TOTAL ALUMINUM 95.00 |UG/L 2970.00 200.00 N
MSFC-033D |98Q3 TOTAL ALUMINUM 116.00 [UG/L 2970.00 200.00 N
MSFC-034D |98Q3 TOTAL ALUMINUM 34.00 |UG/L 2970.00 200.00 N
MSFC-038 |98Q3 TOTAL ALUMINUM 76.00 | UG/L 2970.00 200.00 N
MSFC-039 |98Q3 TOTAL ALUMINUM 58.00 | UG/L 2970.00 200.00 N
MSFC-047 ]98Q3 TOTAL ALUMINUM 12.00 [UGI/L 2970.00 200.00 N
MSFC-049 |98Q3 TOTAL ALUMINUM 599.00 |UG/L 2970.00 200.00 N
MSFC-021R |98Q3 TOTAL BARIUM 534.00 |UG/L 41.30 |X 2000.00 N
MSFC-022R |98Q3 TOTAL BARIUM 28.00 |UG/L 41.30 2000.00 N
MSFC-025 |98Q3 TOTAL BARIUM 57.00 |UG/L 41.30 |X 2000.00 N
MSFC-026 |98Q3 TOTAL BARIUM 70.00 |UG/L 41.30 |X 2000.00 N
MSFC-029D |98Q3 TOTAL BARIUM 32.00 |UG/L 41.30 2000.00 N
MSFC-032 |98Q3 TOTAL BARIUM 85.00 | UG/L 41.30 |X 2000.00 N
MSFC-033D |98Q3 TOTAL BARIUM 84.00 |UG/L 41.30 |X 2000.00 N
MSFC-034D |98Q3 TOTAL BARIUM 57.00 |UG/L 41.30 |X 2000.00 N
MSFC-039 |98Q3 TOTAL BARIUM 35.00 |UG/L 41.30 2000.00 N
MSFC-047 ]98Q3 TOTAL BARIUM 21.00 |UG/L 41.30 2000.00 N
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Appendix A

Groundwater, Third Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance

Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-049 |98Q3 TOTAL BARIUM 77.00 |UG/L 41.30 |X 2000.00 N
MSFC-051D |98Q3 TOTAL BARIUM 32.00 |UG/L 41.30 2000.00 N
MSFC-022R |98Q3 TOTAL IRON 86.00 | UG/L 4640.00 11000.00 N
MSFC-025 |98Q3 TOTAL IRON 266.00 |UG/L 4640.00 11000.00 N
MSFC-026 |98Q3 TOTAL IRON 274.00 |UG/L 4640.00 11000.00 N
MSFC-029D |98Q3 TOTAL IRON 228.00 |UG/L 4640.00 11000.00 N
MSFC-032 |98Q3 TOTAL IRON 7166.00 |UG/L 4640.00 |X 11000.00 N
MSFC-033D |98Q3 TOTAL IRON 241.00 |UG/L 4640.00 11000.00 N
MSFC-034D |98Q3 TOTAL IRON 155.00 [UG/L 4640.00 11000.00 N
MSFC-038 |98Q3 TOTAL IRON 123.00 [UG/L 4640.00 11000.00 N
MSFC-039 |98Q3 TOTAL IRON 266.00 |UG/L 4640.00 11000.00 N
MSFC-047 ]98Q3 TOTAL IRON 130.00 [UG/L 4640.00 11000.00 N
MSFC-049 |98Q3 TOTAL IRON 730.00 |UG/L 4640.00 11000.00 N
MSFC-051D |98Q3 TOTAL IRON 121.00 [UG/L 4640.00 11000.00 N
MSFC-021R |98Q3 TOTAL MAGNESIUM 6356.00 | UG/L 7220.00 50.00 [X N
MSFC-022R |98Q3 TOTAL MAGNESIUM 5530.00 | UG/L 7220.00 50.00 (X N
MSFC-025 |98Q3 TOTAL MAGNESIUM 6120.00 |UG/L 7220.00 50.00 [X N
MSFC-026 |98Q3 TOTAL MAGNESIUM 6624.00 | UG/L 7220.00 50.00 X N
MSFC-032 |98Q3 TOTAL MAGNESIUM 3428.00 |UG/L 7220.00 50.00 [X N
MSFC-038 |98Q3 TOTAL MAGNESIUM 582.00 |UG/L 7220.00 50.00 (X N
MSFC-047 ]98Q3 TOTAL MAGNESIUM 6549.00 | UG/L 7220.00 50.00 [X N
MSFC-049 |98Q3 TOTAL MAGNESIUM 6662.00 | UG/L 7220.00 50.00 X N
MSFC-026 |98Q3 TOTAL MANGANESE 64.00 | UG/L 216.00 83.95 N
MSFC-029D |98Q3 TOTAL MANGANESE 34.00 |UG/L 216.00 83.95 N
MSFC-033D |98Q3 TOTAL MANGANESE 28.00 |UG/L 216.00 83.95 N
MSFC-034D |98Q3 TOTAL MANGANESE 21.00 |UG/L 216.00 83.95 N
MSFC-038 |98Q3 TOTAL MANGANESE 46.00 |UG/L 216.00 83.95 N
MSFC-039 |98Q3 TOTAL MANGANESE 144.00 [UG/L 216.00 83.95(X N
MSFC-049 |98Q3 TOTAL MANGANESE 118.00 [UG/L 216.00 83.95(X N
MSFC-051D |98Q3 TOTAL MANGANESE 10.00 [UG/L 216.00 83.95 N
MSFC-022R |98Q3 TOTAL NICKEL 43.00 |UG/L 35.40 |X 100.00 N
MSFC-025 |98Q3 TOTAL NICKEL 65.00 | UG/L 35.40 |X 100.00 N
MSFC-026 |98Q3 TOTAL NICKEL 68.00 | UG/L 35.40 |X 100.00 N
MSFC-029D |98Q3 TOTAL NICKEL 67.00 |UG/L 35.40 |X 100.00 N
MSFC-032 |98Q3 TOTAL NICKEL 58.00 | UG/L 35.40 |X 100.00 N
MSFC-033D |98Q3 TOTAL NICKEL 59.00 |UG/L 35.40 |X 100.00 N
MSFC-034D |98Q3 TOTAL NICKEL 72.00 |UG/L 35.40 |X 100.00 N
MSFC-038 |98Q3 TOTAL NICKEL 41.00 |UG/L 35.40 |X 100.00 N
MSFC-039 |98Q3 TOTAL NICKEL 61.00 | UG/L 35.40 |X 100.00 N
MSFC-047 ]98Q3 TOTAL NICKEL 58.00 | UG/L 35.40 |X 100.00 N
MSFC-049 |98Q3 TOTAL NICKEL 58.00 |UG/L 35.40 |X 100.00 N
MSFC-051D |98Q3 TOTAL NICKEL 55.00 |UG/L 35.40 |X 100.00 N
MSFC-022R |98Q3 TOTAL POTASSIUM 616.00 | UG/L 2620.00 N
MSFC-026 |98Q3 TOTAL POTASSIUM 1375.00 [UG/L 2620.00 N
MSFC-029D |98Q3 TOTAL POTASSIUM 1027.00 [UG/L 2620.00 N
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Groundwater, Third Quarter 1998

QOU-9 Record of Decision

Comparison Criteria Final
Background | Human Health | Exceedance
Location Quarter |Parameter Concentration |Units MCL or RBC Y/N
MSFC-032 |98Q3 TOTAL POTASSIUM 400.00 |UG/L 2620.00 N
MSFC-033D |98Q3 TOTAL POTASSIUM 1895.00 [UG/L 2620.00 N
MSFC-034D |98Q3 TOTAL POTASSIUM 322.00 |UG/L 2620.00 N
MSFC-038 |98Q3 TOTAL POTASSIUM 240.00 |UG/L 2620.00 N
MSFC-039 |98Q3 TOTAL POTASSIUM 384.00 |UG/L 2620.00 N
MSFC-047 ]98Q3 TOTAL POTASSIUM 517.00 |UG/L 2620.00 N
MSFC-049 |98Q3 TOTAL POTASSIUM 406.00 |UG/L 2620.00 N
MSFC-051D |98Q3 TOTAL POTASSIUM 718.00 |UG/L 2620.00 N
MSFC-022R |98Q3 TOTAL SODIUM 2842.00 |UG/L 6790.00 20000.00 N
MSFC-025 |98Q3 TOTAL SODIUM 7207.00 |UG/L 6790.00 |X 20000.00 N
MSFC-026 |98Q3 TOTAL SODIUM 10217.00 [UG/L 6790.00 |X 20000.00 N
MSFC-029D |98Q3 TOTAL SODIUM 4877.00 |UG/L 6790.00 20000.00 N
MSFC-032 |98Q3 TOTAL SODIUM 6528.00 | UG/L 6790.00 20000.00 N
MSFC-034D |98Q3 TOTAL SODIUM 2463.00 |UG/L 6790.00 20000.00 N
MSFC-038 |98Q3 TOTAL SODIUM 1330.00 [UG/L 6790.00 20000.00 N
MSFC-039 |98Q3 TOTAL SODIUM 3218.00 |UG/L 6790.00 20000.00 N
MSFC-047 ]98Q3 TOTAL SODIUM 3237.00 |UG/L 6790.00 20000.00 N
MSFC-049 |98Q3 TOTAL SODIUM 3959.00 | UG/L 6790.00 20000.00 N
MSFC-022R |98Q3 TOTAL ZINC 18.00 [UG/L 92.10 5000.00 N
MSFC-025 |98Q3 TOTAL ZINC 11.00 [UGI/L 92.10 5000.00 N
MSFC-026 |98Q3 TOTAL ZINC 43.00 |UG/L 92.10 5000.00 N
MSFC-032 |98Q3 TOTAL ZINC 11.00 [UG/L 92.10 5000.00 N
MSFC-033D |98Q3 TOTAL ZINC 11.00 [UG/L 92.10 5000.00 N
MSFC-049 |98Q3 TOTAL ZINC 12.00 [UG/L 92.10 5000.00 N

DFB/15069.xls




MSFC-044 Residential Risk
Assessment Calculations for Subsurface Soil




Appendix A
MSFC-044—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Exceedance
Station Upper Lower Background | Human Health

ID Depth Depth Parameter Conc Q Units GWP YN
SB09-032 135 15.5 | Arsenic 1.89E+01 | = MG/KG 1.36E+01 | X 1.50E+01 |X Y
SB09-039 14 16 | Arsenic 1.92E+01 | = MG/KG 1.36E+01 | X 1.50E+01 |X Y
SB09-044 15 17 | Arsenic 1.52E+01| = MG/KG 1.36E+01 | X 1.50E+01 |X Y
SB09-047 17 18 | Arsenic 1.77E+01| = MG/KG 1.36E+01 | X 1.50E+01 X Y
SB09-049 15 17 | Arsenic 1.68E+01| = MG/KG 1.36E+01 | X 1.50E+01 |X Y
SB09-041 145 16.5 | Lead 2.92E+01( J MG/KG 2.63E+01 | X 1.50E+01 |X Y
SB09-048 15 19 | Manganese | 5.40E+02 | = MG/KG 4.90E+02 | X 5.00E+00 (X Y
SB09-042 14 16 | Mercury 5.40E-01| = MG/KG 1.93E-01 | X 2.00E-01|X Y
SB09-032 135 15.5 | Nickel 2.66E+01 | = MG/KG 1.78E+01 | X 2.10E+01 |X Y
SB09-031 14 15 | Nickel 3.79E+01 | = MG/KG 1.78E+01 | X 2.10E+01 |X Y
SB09-036 14 16 | Nickel 5.89E+01 | = MG/KG 1.78E+01 | X 2.10E+01|X Y
SB09-039 14 16 | Nickel 3.81E+01| = MG/KG 1.78E+01 | X 2.10E+01|X Y
SB09-040 16 18 | Nickel 4.80E+01| = MG/KG 1.78E+01 | X 2.10E+01|X Y
SB09-043 10.5 12.5 | Nickel 5.34E+01 | = MG/KG 1.78E+01 | X 2.10E+01 |X Y
SB09-044 15 17 | Nickel 2.41E+01| = MG/KG 1.78E+01 | X 2.10E+01|X Y
SB09-041 145 16.5 | Nickel 5.19E+01 | = MG/KG 1.78E+01 | X 2.10E+01|X Y
SB09-042 14 16 | Nickel 5.56E+01 | = MG/KG 1.78E+01 | X 2.10E+01|X Y
SB09-047 17 18 | Nickel 7.12E+01| = MG/KG 1.78E+01 | X 2.10E+01 |X Y
SB09-045 14 16 | Nickel 2.24E+01| = MG/KG 1.78E+01 | X 2.10E+01|X Y
SB09-049 15 17 | Nickel 5.86E+01 | = MG/KG 1.78E+01 | X 2.10E+01|X Y
SB09-050 14 17 | Nickel 6.60E+01 | = MG/KG 1.78E+01 | X 2.10E+01|X Y
SB09-032 13.5 15.5 | Cadmium 2.50E+00| J MG/KG 1.57E+00 | X N/A
SB09-038 13 17 | Calcium 1.57E+03| = MG/KG 1.20E+03 | X N/A
SB09-048 15 19 | Calcium 2.53E+03 | = MG/KG 1.20E+03 | X N/A
SB09-038 13 17 | Magnesium | 8.51E+02| = MG/KG 7.45E+02 | X N/A
SB09-034 14 16 | Aluminum 1.65E+04 | = MG/KG 3.33E+04 N
SB09-035 11 13 | Aluminum 7.77E+03 | = MG/KG 3.33E+04 N
SB09-032 135 15.5 | Aluminum 1.82E+04 | = MG/KG 3.33E+04 N
SB09-033 8.5 10.5 | Aluminum 2.38E+04 | = MG/KG 3.33E+04 N
SB09-031 14 15 | Aluminum 9.45E+03 | = MG/KG 3.33E+04 N
SB09-037 11 13 | Aluminum 1.44E+04 | = MG/KG 3.33E+04 N
SB09-038 13 17 | Aluminum 1.56E+04 | = MG/KG 3.33E+04 N
SB09-036 14 16 | Aluminum 2.00E+04 | = MG/KG 3.33E+04 N
SB09-039 14 16 | Aluminum 1.90E+04 | = MG/KG 3.33E+04 N
SB09-040 16 18 | Aluminum 1.58E+04 | = MG/KG 3.33E+04 N
SB09-038 13 17 | Aluminum 1.06E+04 | = MG/KG 3.33E+04 N
SB09-043 10.5 12.5 | Aluminum 2.22E+04 | = MG/KG 3.33E+04 N
SB09-044 15 17 | Aluminum 2.21E+04 | = MG/KG 3.33E+04 N
SB09-041 145 16.5 | Aluminum 3.12E+04 | = MG/KG 3.33E+04 N
SB09-042 14 16 | Aluminum 2.32E+04 | = MG/KG 3.33E+04 N
SB09-046 16 18 | Aluminum 1.84E+04 | = MG/KG 3.33E+04 N
SB09-047 17 18 | Aluminum 2.26E+04 | = MG/KG 3.33E+04 N
SB09-045 14 16 | Aluminum 1.55E+04 | = MG/KG 3.33E+04 N
SB09-049 15 17 | Aluminum 1.43E+04 | = MG/KG 3.33E+04 N
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ID Depth Depth Parameter Conc Q Units GWP YN
SB09-050 14 17 | Aluminum 1.36E+04 | = MG/KG 3.33E+04 N
SB09-048 15 19 | Aluminum 2.22E+04 | = MG/KG 3.33E+04 N
SB09-040 16 18 | Antimony 3.20E+00| J MG/KG 8.00E+00 N
SB09-046 16 18 | Antimony 2.50E+00| J MG/KG 8.00E+00 N
SB09-034 14 16 | Arsenic 8.00E+00 | = MG/KG 1.36E+01 1.50E+01 N
SB09-035 11 13 [ Arsenic 1.17E+01| = MG/KG 1.36E+01 1.50E+01 N
SB09-033 8.5 10.5 | Arsenic 4.80E+00 | = MG/KG 1.36E+01 1.50E+01 N
SB09-031 14 15 | Arsenic 9.60E+00 | = MG/KG 1.36E+01 1.50E+01 N
SB09-037 11 13 | Arsenic 6.50E+00 | = MG/KG 1.36E+01 1.50E+01 N
SB09-038 13 17 | Arsenic 3.10E+00 | = MG/KG 1.36E+01 1.50E+01 N
SB09-036 14 16 | Arsenic 7.40E+00 | = MG/KG 1.36E+01 1.50E+01 N
SB09-040 16 18 | Arsenic 1.43E+01| = MG/KG 1.36E+01 | X 1.50E+01 N
SB09-038 13 17 | Arsenic 2.80E+00| = MG/KG 1.36E+01 1.50E+01 N
SB09-043 10.5 12.5 | Arsenic 1.23E+01| = MG/KG 1.36E+01 1.50E+01 N
SB09-041 145 16.5 | Arsenic 5.20E+00 | = MG/KG 1.36E+01 1.50E+01 N
SB09-042 14 16 | Arsenic 1.32E+01| = MG/KG 1.36E+01 1.50E+01 N
SB09-046 16 18 | Arsenic 4.80E+00 | = MG/KG 1.36E+01 1.50E+01 N
SB09-045 14 16 | Arsenic 1.07E+01| = MG/KG 1.36E+01 1.50E+01 N
SB09-050 14 17 | Arsenic 1.07E+01| = MG/KG 1.36E+01 1.50E+01 N
SB09-048 15 19 | Arsenic 1.04E+01| = MG/KG 1.36E+01 1.50E+01 N
SB09-038 13 17 | Barium 5.80E+01 | = MG/KG 6.07E+01 3.20E+01 |X N
SB09-038 13 17 | Barium 4.02E+01 | = MG/KG 6.07E+01 3.20E+01 |X N
SB09-048 15 19 | Barium 3.74E+01| = MG/KG 6.07E+01 3.20E+01 |X N
SB09-034 14 16 | Beryllium 8.30E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-035 11 13| Beryllium 6.80E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-032 135 15.5 | Beryllium 9.40E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-033 8.5 10.5 | Beryllium 8.50E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-031 14 15 | Beryllium 1.40E+00 | J MG/KG 1.26E+00 | X 1.80E+02 N
SB09-037 11 13| Beryllium 5.40E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-038 13 17 | Beryllium 5.20E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-036 14 16 | Beryllium 2.20E+00( J MG/KG 1.26E+00 | X 1.80E+02 N
SB09-039 14 16 | Beryllium 1.70E+00 | J MG/KG 1.26E+00 | X 1.80E+02 N
SB09-040 16 18 | Beryllium 3.90E+00| J MG/KG 1.26E+00 | X 1.80E+02 N
SB09-038 13 17 | Beryllium 2.60E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-043 10.5 12.5 | Beryllium 2.20E+00( J MG/KG 1.26E+00 | X 1.80E+02 N
SB09-044 15 17 | Beryllium 8.10E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-041 145 16.5 | Beryllium 2.10E+00( J MG/KG 1.26E+00 | X 1.80E+02 N
SB09-042 14 16 | Beryllium 7.60E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-046 16 18 | Beryllium 7.60E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-047 17 18 | Beryllium 4.60E+00 | J MG/KG 1.26E+00 | X 1.80E+02 N
SB09-045 14 16 | Beryllium 9.30E-01| J MG/KG 1.26E+00 1.80E+02 N
SB09-049 15 17 | Beryllium 5.30E+00 | J MG/KG 1.26E+00 | X 1.80E+02 N
SB09-050 14 17 | Beryllium 5.10E+00 | J MG/KG 1.26E+00 | X 1.80E+02 N
SB09-048 15 19 | Beryllium 1.30E+00 | J MG/KG 1.26E+00 | X 1.80E+02 N

DFB/15091.xls Print Date: 12/10/1999 11:51 AM



Appendix A
MSFC-044—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Exceedance
Station Upper Lower Background | Human Health

ID Depth Depth Parameter Conc Q Units GWP YN
SB09-034 14 16 | Cadmium 5.10E-01| J MG/KG 1.57E+00 N
SB09-039 14 16 [ Cadmium 5.10E-01( J MG/KG 1.57E+00 N
SB09-040 16 18 | Cadmium 1.00E+00 | J MG/KG 1.57E+00 N
SB09-043 10.5 12.5 [ Cadmium 5.50E-01( J MG/KG 1.57E+00 N
SB09-041 145 16.5 [ Cadmium 1.10E+00| J MG/KG 1.57E+00 N
SB09-046 16 18 | Cadmium 3.90E-01| J MG/KG 1.57E+00 N
SB09-047 17 18 | Cadmium 1.00E+00( J MG/KG 1.57E+00 N
SB09-049 15 17 [ Cadmium 9.50E-01( J MG/KG 1.57E+00 N
SB09-048 15 19 | Cadmium 5.90E-01| J MG/KG 1.57E+00 N
SB09-038 13 17 | Calcium 8.59E+02 | = MG/KG 1.20E+03 N
SB09-034 14 16 | Chromium 4.67E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-035 11 13 | Chromium 9.61E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-032 135 15.5 [ Chromium 3.63E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-033 8.5 10.5 [ Chromium 2.84E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-031 14 15| Chromium 3.89E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-037 11 13 | Chromium 3.59E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-038 13 17 | Chromium 4.38E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-036 14 16 | Chromium 5.89E+01 | = MG/KG 1.54E+02 1.00E+01 |X N
SB09-039 14 16 | Chromium 747E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-040 16 18 | Chromium 9.29E+01 | = MG/KG 1.54E+02 1.00E+01 |X N
SB09-038 13 17 | Chromium 4.34E+01 | = MG/KG 1.54E+02 1.00E+01 |X N
SB09-043 10.5 12.5 | Chromium 1.05E+02 | = MG/KG 1.54E+02 1.00E+01 |X N
SB09-044 15 17 | Chromium 1.02E+02 | = MG/KG 1.54E+02 1.00E+01 |X N
SB09-041 14.5 16.5 | Chromium 8.46E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-042 14 16 | Chromium 8.57E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-046 16 18 | Chromium 7.22E+01 | = MG/KG 1.54E+02 1.00E+01 |X N
SB09-047 17 18 | Chromium 1.09E+02 | = MG/KG 1.54E+02 1.00E+01 |X N
SB09-045 14 16 | Chromium 1.01E+02| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-049 15 17 | Chromium 7.25E+01 | = MG/KG 1.54E+02 1.00E+01 |X N
SB09-050 14 17 | Chromium 7.10E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-048 15 19 [ Chromium 8.61E+01| = MG/KG 1.54E+02 1.00E+01 |X N
SB09-038 13 17 | Cobalt 5.90E+00 | J MG/KG 9.06E+00 2.19E+02 N
SB09-038 13 17 | Cobalt 5.00E+00 | J MG/KG 9.06E+00 2.19E+02 N
SB09-048 15 19 | Cobalt 9.40E+00 | = MG/KG 9.06E+00 | X 2.19E+02 N
SB09-033 8.5 10.5 | Copper 9.40E+00 | = MG/KG 1.93E+01 4.50E+01 N
SB09-036 14 16 | Copper 1.18E+01| = MG/KG 1.93E+01 4.50E+01 N
SB09-039 14 16 | Copper 1.77E+01| = MG/KG 1.93E+01 4 50E+01 N
SB09-040 16 18 | Copper 1.73E+01 | = MG/KG 1.93E+01 4 50E+01 N
SB09-043 10.5 12.5 | Copper 1.33E+01 | = MG/KG 1.93E+01 4.50E+01 N
SB09-044 15 17 | Copper 1.03E+01 | = MG/KG 1.93E+01 4.50E+01 N
SB09-041 14.5 16.5 | Copper 2.41E+01| = MG/KG 1.93E+01 | X 4 50E+01 N
SB09-042 14 16 | Copper 1.26E+01 | = MG/KG 1.93E+01 4 50E+01 N
SB09-047 17 18 | Copper 2.06E+01| = MG/KG 1.93E+01 | X 4.50E+01 N
SB09-049 15 17 | Copper 1.17E+01 | = MG/KG 1.93E+01 4.50E+01 N
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SB09-050 14 17 | Copper 1.24E+01| = MG/KG 1.93E+01 4.50E+01 N
SB09-048 15 19 | Copper 1.11E+01| = MG/KG 1.93E+01 4.50E+01 N
SB09-034 14 16 | Iron 2.20E+04 | = MG/KG 6.86E+04 N
SB09-035 11 13| Iron 2.81E+04 | = MG/KG 6.86E+04 N
SB09-032 135 15.5 [ Iron 1.78E+04 | = MG/KG 6.86E+04 N
SB09-033 8.5 10.5 ( Iron 1.87E+04 | = MG/KG 6.86E+04 N
SB09-031 14 15| Iron 9.79E+03 | = MG/KG 6.86E+04 N
SB09-037 11 13| Iron 2.18E+01| = MG/KG 6.86E+04 N
SB09-038 13 17| Iron 1.94E+04 | = MG/KG 6.86E+04 N
SB09-036 14 16 | Iron 6.11E+04 | = MG/KG 6.86E+04 N
SB09-039 14 16 | Iron 4.93E+04 | = MG/KG 6.86E+04 N
SB09-040 16 18| Iron 4.82E+04 | = MG/KG 6.86E+04 N
SB09-038 13 17 | Iron 1.35E+04 | = MG/KG 6.86E+04 N
SB09-043 10.5 12.5 | Iron 3.63E+04 | = MG/KG 6.86E+04 N
SB09-044 15 17 | Iron 3.70E+04 | = MG/KG 6.86E+04 N
SB09-041 14.5 16.5 | Iron 2.65E+04 | = MG/KG 6.86E+04 N
SB09-042 14 16 | Iron 4.18E+04 | = MG/KG 6.86E+04 N
SB09-046 16 18| Iron 3.05E+04 | = MG/KG 6.86E+04 N
SB09-047 17 18| Iron 4.37E+04 | = MG/KG 6.86E+04 N
SB09-045 14 16 | Iron 3.75E+04 | = MG/KG 6.86E+04 N
SB09-049 15 17 | Iron 2.88E+04 | = MG/KG 6.86E+04 N
SB09-050 14 17 | Iron 2.98E+04 | = MG/KG 6.86E+04 N
SB09-048 15 19| Iron 3.35E+04 | = MG/KG 6.86E+04 N
SB09-034 14 16 | Lead 1.36E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-035 11 13| Lead 2.48E+01 | J MG/KG 2.63E+01 1.50E+00 |X N
SB09-032 135 15.5 | Lead 2.00E+01( J MG/KG 2.63E+01 1.50E+00 |X N
SB09-033 8.5 10.5 | Lead 1.86E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-031 14 15| Lead 1.37E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-037 11 13| Lead 2.06E+01 | J MG/KG 2.63E+01 1.50E+00 |X N
SB09-038 13 17 | Lead 1.15E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-036 14 16 | Lead 1.09E+01| J MG/KG 2.63E+01 1.50E+00 [X N
SB09-039 14 16 | Lead 1.70E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-040 16 18 | Lead 1.15E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-038 13 17 | Lead 8.10E+00 | J MG/KG 2.63E+01 1.50E+00 |X N
SB09-043 10.5 12.5 | Lead 9.60E+00 | J MG/KG 2.63E+01 1.50E+00 |X N
SB09-044 15 17 | Lead 1.18E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-042 14 16 | Lead 1.04E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-046 16 18 | Lead 1.98E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-047 17 18 | Lead 1.72E+01| J MG/KG 2.63E+01 1.50E+00 [X N
SB09-045 14 16 | Lead 8.20E+00 | J MG/KG 2.63E+01 1.50E+00 |X N
SB09-049 15 17 | Lead 1.06E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-050 14 17 | Lead 1.02E+01| J MG/KG 2.63E+01 1.50E+00 |X N
SB09-048 15 19 | Lead 8.30E+00 | J MG/KG 2.63E+01 1.50E+00 |X N
SB09-038 13 17 | Magnesium | 4.17E+02| J MG/KG 7.45E+02 N
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SB09-048 15 19 | Magnesium | 7.39E+02 | = MG/KG 7.45E+02 N
SB09-038 13 17 | Manganese | 4.43E+02 | = MG/KG 4,90E+02 5.00E+00 (X N
SB09-038 13 17 | Manganese | 4.19E+02 | = MG/KG 4.90E+02 5.00E+00 (X N
SB09-034 14 16 | Mercury 1.00E-01]| = MG/KG 1.93E-01 2.00E-01 N
SB09-032 135 15.5 | Mercury 1.30E-01]| = MG/KG 1.93E-01 2.00E-01 N
SB09-037 11 13 | Mercury 1.80E-01]| = MG/KG 1.93E-01 2.00E-01 N
SB09-044 15 17 | Mercury 1.60E-01| = MG/KG 1.93E-01 2.00E-01 N
SB09-046 16 18 | Mercury 5.00E-02 | = MG/KG 1.93E-01 2.00E-01 N
SB09-047 17 18 | Mercury 1.30E-01]| = MG/KG 1.93E-01 2.00E-01 N
SB09-049 15 17 | Mercury 1.10E-01| = MG/KG 1.93E-01 2.00E-01 N
SB09-034 14 16 | Nickel 1.65E+01 | = MG/KG 1.78E+01 2.10E+01 N
SB09-035 11 13| Nickel 1.13E+01| = MG/KG 1.78E+01 2.10E+01 N
SB09-033 8.5 10.5 | Nickel 1.53E+01| = MG/KG 1.78E+01 2.10E+01 N
SB09-037 11 13 | Nickel 9.10E+00| = MG/KG 1.78E+01 2.10E+01 N
SB09-038 13 17 | Nickel 9.50E+00 | = MG/KG 1.78E+01 2.10E+01 N
SB09-038 13 17 | Nickel 7.60E+00 | = MG/KG 1.78E+01 2.10E+01 N
SB09-046 16 18 | Nickel 1.64E+01| = MG/KG 1.78E+01 2.10E+01 N
SB09-048 15 19 | Nickel 1.76E+01 | = MG/KG 1.78E+01 2.10E+01 N
SB09-038 13 17 | Potassium 5.05E+02 | J MG/KG 9.00E+02 N
SB09-038 13 17 | Potassium 2.52E+02( J MG/KG 9.00E+02 N
SB09-048 15 19 | Potassium 7.48E+02 | = MG/KG 9.00E+02 N
SB09-038 13 17 | Sodium 6.53E+01 | J MG/KG 2.00E+03 N
SB09-038 13 17 | Sodium 5.97E+01( J MG/KG 2.00E+03 N
SB09-048 15 19 | Sodium 1.13E+02 | J MG/KG 2.00E+03 N
SB09-035 11 13| Thallium 4.00E-02( J MG/KG 6.30E-01 4.00E-01 N
SB09-032 135 15.5 | Thallium 4.60E-01| J MG/KG 6.30E-01 4.00E-01|X N
SB09-033 8.5 10.5 | Thallium 1.40E-01( J MG/KG 6.30E-01 4.00E-01 N
SB09-031 14 15 | Thallium 2.20E-01| J MG/KG 6.30E-01 4.00E-01 N
SB09-037 11 13| Thallium 1.80E-01| J MG/KG 6.30E-01 4.00E-01 N
SB09-038 13 17 | Thallium 5.00E-02( J MG/KG 6.30E-01 4.00E-01 N
SB09-039 14 16 | Thallium 1.00E-01] J MG/KG 6.30E-01 4.00E-01 N
SB09-040 16 18 | Thallium 8.00E-02 | J MG/KG 6.30E-01 4.00E-01 N
SB09-041 145 16.5 | Thallium 2.50E-01| J MG/KG 6.30E-01 4.00E-01 N
SB09-046 16 18 | Thallium 7.00E-02| J MG/KG 6.30E-01 4.00E-01 N
SB09-047 17 18 | Thallium 9.00E-02| J MG/KG 6.30E-01 4.00E-01 N
SB09-049 15 17 | Thallium 1.20E-01| J MG/KG 6.30E-01 4.00E-01 N
SB09-050 14 17 | Thallium 1.30E-01| J MG/KG 6.30E-01 4.00E-01 N
SB09-038 13 17 | Vanadium 3.92E+01| = MG/KG 1.72E+02 N
SB09-038 13 17 | Vanadium 3.77E+01 | = MG/KG 1.72E+02 N
SB09-048 15 19 | Vanadium 6.97E+01 | = MG/KG 1.72E+02 N
SB09-034 14 16| Zinc 6.78E+01 | J MG/KG 1.17E+02 4.20E+04 N
SB09-032 135 15.5 | Zinc 1.12E+02| J MG/KG 1.17E+02 4.20E+04 N
SB09-033 8.5 10.5 | Zinc 5.62E+01 | J MG/KG 1.17E+02 4.20E+04 N
SB09-031 14 15| Zinc 1.10E+02 | J MG/KG 1.17E+02 4.20E+04 N
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SB09-038 13 17 | Zinc 5.49E+01 | J MG/KG 1.17E+02 4.20E+04 N
SB09-036 14 16 | Zinc 1.84E+02| J MG/KG 1.17E+02 | X 4.20E+04 N
SB09-039 14 16| Zinc 1.67E+02( J MG/KG 1.17E+02 [ X 4.20E+04 N
SB09-040 16 18 | Zinc 1.75E+02 | J MG/KG 1.17E+02 | X 4.20E+04 N
SB09-043 10.5 12.5 | Zinc 1.97E+02| J MG/KG 1.17E+02 | X 4.20E+04 N
SB09-044 15 17 | Zinc 1.06E+02 | J MG/KG 1.17E+02 4.20E+04 N
SB09-041 14.5 16.5 | Zinc 1.58E+02( J MG/KG 1.17E+02 [ X 4.20E+04 N
SB09-042 14 16 | Zinc 1.09E+02 | J MG/KG 1.17E+02 4.20E+04 N
SB09-046 16 18 | Zinc 6.60E+01| J MG/KG 1.17E+02 4.20E+04 N
SB09-047 17 18 | Zinc 3.15E+02 | J MG/KG 1.17E+02 | X 4.20E+04 N
SB09-045 14 16 | Zinc 1.00E+02( J MG/KG 1.17E+02 4.20E+04 N
SB09-049 15 17 | Zinc 2.56E+02 | J MG/KG 1.17E+02 | X 4.20E+04 N
SB09-050 14 17 | Zinc 2.55E+02 | J MG/KG 1.17E+02 | X 4.20E+04 N
SB09-048 15 19 | Zinc 9.64E+01 | J MG/KG 1.17E+02 4.20E+04 N
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Scenario
MSFC-044 OU-9 Record of Decision

Ingestion:
Agge-speciﬁc intake (for carcinogenic compounds only): Intake for non-carcinogenic compounds:
CDiy= Cs* *FI*ET'EF* CDi=Cs*IR*FI'ET"EF"ED*CF
AT BW * AT
Cs = Concentration in soit (mg/kg) RME RME
IR= Ingestion Rate (mg/day) N/A 100 a
Ry = Age-Specific Ingestion Rate (mg - year)/(kg - day) 11429 ¢ N/A
Fi= Fraction Ingested (unitless) 100% 100%
ET = Exposure Time {hours/day) 1.000 b 1.000 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED= Exposure Duration (year) N/A 30a
CF= Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a
Dermal:
Age-specific intake (for carcindgenic compounds only):
CDly = d *AE* ‘ET*EE* CDI= Cs*SA*AF*ABS*ET*EF*ED*CF
AT BW * AT
Cs = Cencenfration in soil (mg/kg) RAME RME
SA= Surface Area (cm?) N/A 2936 d
SAuy= Age-Specific Surface Area (cm®) 1574 e N/A
AF = Soil-Skin Adherence Factor (mg/cm?) 1f 1t
ABS = Absarption Factor {unitless) (Chemical Specific) g {Chemical Specific) g
ET= Exposure Time (4 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED= Exposure Duration (year) N/A 3 a
. CF= Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a
inhalation:
Age-specific intake (for carcinogenic compounds only):
ch.dl - - - P * * CDi= * * * « *
AT BW * AT
Cs= Concentration in soil (mg/kg) RME RME
PEF = Particulate Emissicn Factor {(m®kg) 1.32E+09 h 1.32E409 h
IR_Inh= Inhalation Rate (m*/day) N/A 20 a
IR_Inh_adj Age-Specific Inhalation Rate (m®/day) 1286 i N/A
ET = Exposure Time (4 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency {day/year) 350 a 350 a
ED= Exposure Duration (year) NA 30 a
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a
References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure
Factors,” OSWER Directive 9285.6-03, March 25, 1991, )

b = Time spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity per NASA 1997 workplan. '

¢ = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure.

IRad] = IBe x FDc + {Ra x (EDa - EDc) = 200x 6 + 100 x {30-6)
BWc BWa 18 70
= 114.29 (mg-year)/(kg-day)

d = Surface area of hands, 1/2 arms and feet of an adult for exposure to soils, adapted from

CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.
e = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure,

SAadj = SAc x EDc + SAa_x (FDa - FDc) = 1418 x & + 2936 x (30-6)

BWc BWa 15 70
= 1574 (cm®-year)/(kg)

f = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1892.
g = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial Investigation Report
{August 1999)
h = Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance: Technical Background

Document, May 1996.
i = Age-adjusted inhalation rate for adults, adjusted for body weight and time for carcinogenic exposure.

IR_Inh_adj = IR Johc x EDc  + [B_lpha x (EDa-FDg) = 15x86 + 20 x {30-8)
BWc BWa 15 70

12.86 (m’-year)/(kg-day)

0
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Carcinogenic Scenario
MSFC-044 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE SFo SKHd SFi RME DE ABS CDl,g ELCR CDl,g; ELCR CDl,g ELCR
MG/KG  Arsenic A 1.50E+00 3.66E+00 1.51E+01 1.29E+01 4.10E-01 0.001 2.02E+05 3E+05 4.66E-08 2E-07 2.88E-10 4E-09
MG/KG Cadmium B1 6.30E+00 8.46E-01 1.00E-02 0.001 1.32E-06 3.05E-09 1.88E-11 1E-10
MG/KG Lead B2 1.75E+01 1.50E-01 0.001 2.73E-05 6.29E-08 3.98E-10
MG/KG  Manganese D 5.40E+02 4.00E-02 0.001 8.45E-04 1.94E-06 1.20E-08
MG/KG  Mercury D 1.39E-01 1.00E-04 0.001 2.17E-07 4.99E-10 3.09E-12
MG/KG  Nickel 486E+01 2.70E-01 0.001 7.61E-05 1.75E-07 1.08E-09

Total Risk 3E-05 2E-07 4E-09
Notes:  WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk = 3E-05

Maximum Exposure Concentration; ELCR = Excess Lifetime Cancer Risk
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Non-carcinogenic Scenario
MSFC-044 OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG  Arsenic A 3.00E-04 1.23E-04 1.29E+01 4.10E-01 0.001 1.77E-05 6E-02 8.68E-08 7E-04 4.48E-10
MG/KG  Cadmium B1 1.00E-03  1.00E-05 8.46E-01 1.00E-02 0.001 1.16E-06 1E-03 5.68E-08 6E-04 2.93E-11
MG/KG Lead B2 1.75E+01 1.50E-01 0.001 2.39E-05 1.17E-07 6.05E-10

MG/KG  Manganese D 1.40E-01  5.60E-03 143E-05 5.40E+02 4.00E-02 0.001 7.40E-04 5E-03 3.63E-06 6E-04 1.87E-08 1E-03

MG/KG  Mercury D 3.00E-04 3.00E-03 8.57E-05 1.39E-01 1.00E-04 0.001 1.90E-07 6E-04 9.31E-10 3E-02 4.81E-12 6E-08
MG/KG  Nickel 2.00E-02  5.40E-03 486E+01 2.70E-01 0.001 6.66E-05 3E-03 3.26E-07 6E-05 1.68E-09

Hazard Index 7E-02 3E-02 1E-03
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI=  1E-01

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index
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Subsurface Soil - Hypothetical Future On-site Residential (Child) Scenario
MSFC-044 OU-9 Record of Decision

Ingestion:
CDl= Cs*IR*FI*ET*EF*ED*CF
BW * AT

Noncarcinogenic
Cs= Concentration in soil (mg/kg) BME
IR = Ingestion Rate (mg/day) 200 a
Fl = Fraction Ingested (unitless) 100%
ET= Exposure Time (hours/day) 1.000 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
CF= Conversion Factor (kg/mg) 1.00E-06
BW=  Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
Dermal:
CD[ - * * * * * * *

BW * AT
Cs= Concentration in soil (mg/kg) BME
SA=  Surface Area (cm?) 1418 ¢
AF = Soil-Skin Adherence Factor (mg/cm?) 1e
ABS =  Absorption Factor (unitless) {Chemical Specific) {
ET = Exposure Time (hours/day) 0.167 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
CF= Conversion Factor (kg/mg) 1.00E-06
BW = Body Weight (kg} 15 a
AT = Averaging Time (days) 2190 a
Inhalation:
CDI = * * * * *
BW * AT

Cs= Concentration in soil (mg/kg) RME
PEF= Particulate Emission Factor {(m®/kg) 1.32E+09 d
IR= Inhalation Rate (m%/day) 15 a
ET= Exposure Time (4 hours per 24-hour day) 0.167 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
BW = Body Weight (kg) 15 a
AT = Averaging Time {days) 2190 a
References:

a = U.S. EPA, Human Health Evaluation Manual, Supptementat Guidance: "Standard Default Exposure
Factors," OSWER Directive 9285.6-03, March 25, 1991.

b = Time spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity pet NASA 1997 workplan.

¢ = Surface area of hands, 1/2 arms and feet of a child for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.

d = Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance: Technical
Background Document, May 1996.

e = U.S. EPA Dermal Exposure Assessment: Principles and Appilication, January 1992,

f = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial

Investigation Report {August 1999)
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Subsurface Soil - Hypothetical Future On-Site Residential (Child) Non-carcinogenic Scenario
MSFC-044 OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG  Arsenic A 3.00E-04 1.23E-04 1.29E+04 4.10E-01 0.001 1.65E-04 6.E-01 1.96E-07 2.E-03 1.57E-09
MG/KG  Cadmium B1 1.00E-03 1.00E-05 8.46E-01 1.00E-02 0.001 1.08E-05 1.E-02 1.28E-08 1.E-03 1.03E-10
MG/KG Lead B2 1.75E+01 1.50E-01 0.001 2.23E-04 2.64E-07 2.12E-09

MG/KG  Manganese D 1.40E-01 5.60E-03 1.43E-05 5.40E+02 4.00E-02 0.001 6.90E-03 5.E-02 8.17E-06 1.E-03 6.55E-08 5.E-03

MG/KG  Mercury D 3.00E-04 3.00E-08 8.57E-05 1.39E-01 1.00E-04 0.001 1.77E-06 6.E-03 2.10E-09 7.E-02 1.68E-11 2.E-07
MG/KG  Nickel 2.00E-02 5.40E-03 4.86E+01 2.70E-01 0.001 6.21E-04  3.E-02 7.36E-07 1.E-04 5.90E-09

Hazard Index 6E-01 7E-02 5E-03
Notes:  WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI= 7E-01

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index

DFB/15072.xls 01/12/2000 (11:53 AM)



Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Scenario
MSFC-049/050 OU-9 Record of Decision

Carcinagenic  Noncarcinagenic

Ingestion:
A;ga-speciﬁc intake {for carcinogenic compounds only): Intake for non-carcinogenic compounds:
CDlyy = Cs*iBadj*FI*EY*EF*CF CDI=Cs*IR*FI*ET*EE*ED*CF
AT BW * AT
Cs = Concentration in sofl {(mg/kg) RME RME
R= Ingestion Rate {mg/day) N/A 100 a
Ry = Age-Specific Ingestion Rate (mg - vear)/(kg - day) 11429 ¢ N/A
Fl= Fraction Ingested (unitless) 100% 100%
ET= Exposure Time (hours/day) 1.000 b 1.000 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 30 a
CF= Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70a
AT = Averaging Time {days) 25550 a 10950 a
Dermai:
Age-specific intake {for carcinogenic compounds only):
CDly= Ga*SAadj*AF*ABS*ET*EE*CF CDi= *SA*AF* *ET*EF*ED*
AT BW* AT
Cs= Concentration in soil (mg/kg) BME RME
SA= Surface Area {cm?) N/A 2936 d
SAu= Age-Spacific Surface Area (cm?) 1574 ¢ N/A
AF = Soli-Skin Adherence Factor (mg/cm?) 1f 11
ABS = Absorption Factor {unitless) {Chemical Specific) g {Chemical Specific) g
ET = Exposure Time {4 hours per 24-hour day) 0.167 b 0.187 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED= Exposure Duration (year) N/A 30a
CF= Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Tima {days) 25550 a 10950 a
inhatation:
Age-specific intake (for carcinogenic compourids only):
ch.dl - * - * - th = - " * * -
AT BW * AT
Csg = Concentration in soil (mg/kg) RME RME
PEF = Particulate Emission Factor {(m*/kg) 1.32E+08 h 1.32E+08 h
IR_Inh= Inhalation Rate (m*/day) N/A 20a
IR_inh_adj Age-Specific Inhalation Rate (m*day) 12861 N/A
ET= Exposure Time {4 hours per 24-hour day) 0.1687 & 0.167 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED= Exposure Duration (year) N/A 30a
BW =z Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a

References:
a = U.S, EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure
Factors,” OSWER Directive 9285.6-03, March 25, 1991.
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity per NASA 1897 workplan.
¢ = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure,
fRadfj = IBcx EDc + IRa x {EDa - EDc) = 200 x & + 100 x (30-8)
Bwc BWa 15 70
= 114.29 (mg-year)/(kg-day)
d = Surface ares of hands, 1/2 arms and feet of an adult for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1897.
e = Age-adjusted surface area for adults, adjusted for body welght and time for carcinogenic exposure.
SAadj = SAc x EDc + SAa x (EDa-FDc) = 1418 x £ e 2936 x (30-6)
BWc BWa 15 70
= 1574 (cm’-yean)/(kg)
= U.8. EPA Dermal Exposure Assessmaent: Principles and Application, January 1992.
g = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial Investigation Report
(August 1999)
h = Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guldance; Technical Background
Document, May 1996.
i = Age-adjusted inhalation rate for adults, adjusted for bedy weight and time for carcinogenic exposure,
IR_Inh_adj= 1B Inhc x FDc  + 1B Ioha x (FDa-Ele} = 15x 6 + 20 x (30-5)
BWc BWa 15 70
= 12.86 (m-year)/(kg-day)
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Carcinogenic Scenario
MSFC-049/050 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE SFo SKHd SFi RME DE ABS CDl,g ELCR CDl,g; ELCR CDl,g ELCR
MG/KG  Barium 1.64E+02 7.00E-02 0.001 2.57E-04 5.91E-07 3.66E-09

MG/KG Lead B2 2.25E+01 1.50E-01 0.001 3.53E-05 8.11E-08 5.02E-10

MG/KG Manganese D 1.87E+03 4.00E-02 0.001 2.93E-03 6.73E-06 4.17E-08

MG/KG  Nickel 1.85E+01 2.70E-01 0.001 2.89E-05 6.65E-08 4.12E-10

Total Risk
Notes:  WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk =

Maximum Exposure Concentration; ELCR = Excess Lifetime Cancer Risk
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MSFC-A Residential Risk
Assessment Calculations for Surface Soil




Surface Soil - Hypothetical Future On-Site Residential (Adult) Scenario
MSFC-A OU-9 Record of Decision

Carci o N inggeni

Ingestion:
Age-specific intake (for carcinogenic compounds onlyj: Intake for non-carcinogenic compounds:
CDl,y= Gs*IBadj“FI'"ET*EF*CF CDI= Cs*IR*FI*ET*EF*ED* CF
AT BW* AT
Cs= Concentration in soil (mg/kg) RME RME
A= Ingestion Rate {(mg/day) N/A 100 a
Ry = Age-Specific Ingestion Rate (mg - year)/(kg - day) 11429 ¢ N/A
Fl= Fraction Ingested (unitless) 100% 100%
ET= Exposure Time (hours/day) 1.000 b 1.000 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED= Exposure Duration (year) N/A 30 a
CF = Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70a
AT = Averaging Time (days) 25550 a 10950 a
Dermal:
Age-specific intake (for carcinogenic compounds only):
ch.dJﬂ Qn'SBBd}"!E‘ QBS.EI‘EE'QE CDl = * * * * * * -
AT BW* AT
Cs= Concentration in soil {mg/kg) RME RME
SA= Surface Area (cm®) N/A 2936 d
SA = Age-Specific Surface Area (cm?) 1574 e NA
AF = Soil-Skin Adherence Factor {mg/cm?) 1f 1f
ABS = Absorption Factor {unitless) (Chemical Specific) g (Chemical Specific) g
ET= Exposure Time (4 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Daration (year) N/A 30 a
CF= Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a
inhalation:
Aga-specific intake (for carcinogenic compounds only): )
€Dl = C8*(1/PEF)*IBinh_adj * ET* EF CDi= * *IR *ET*EEF*
AT BW * AT
Cs= Concentration in soil (rﬁg/kg) RME RME
PEF = Particulate Emission Factor (m*/kg) 1.32E+09 h 1.32E+09 h
IR_nh= Inhalation Rate (m*/day) CN/A 20 a
1R_Inh_adj Age-Specific inhalation Rate (m*/day) 12.86 i N/A
ET = Exposure Time {4 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 30 a
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10850 a
References:
a=U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure
Factors,” OSWER Directive 9285.6-03, March 25, 1991. '
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity per NASA 1897 workplan. ]
¢ = Age-adjusted ingestion rate for aduits, adjusted for body weight and time for carcinogenic exposure.
IRadf = [Bo x EDc + IBa_x (EDa - ENc) = 200 x 6 + 100 x (30-6)
BWc¢ Bwa 15 70
= - 114.29 (mg-year)/(kg-day)
d = Surface area of hands, 1/2 arms and feet of an adult for exposure to soils, adapted from
' CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.
e = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.
SAadj = SAc x ENhc + SAa x (EDa - EDc) = 1418x 6 + 2936 x (30-6)
BWc Bwa 15 70

= 1574 (cm®-year)/(kg)
{ = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992,
g = Chemical-specific absorptiqn factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial Investigation Report
{August 1999)
h = Particulate emission factor (PEF), adapted from U.S.EPA, Scil Screening Guidance: Technical Background
Document, May 1996.
i = Age-adjusted inhalation rate for adults, adjusted for body weight and time for carcinogenic exposure.
IR_Inh_adj= IB_inhc x FDc + 1B_inha x (EDa-FDe) = i5x6 *
BWc BWa 15 70
= 12.86 (m*-year)/(kg-day)
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Surface Soil - Hypothetical Future On-Site Residential (Adult) Carcinogenic Scenario
MSFC-A OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE SFo SKH SFi RME DE ABS CDl,g ELCR CDl,; ELCR CDl,g; ELCR
MG/KG  Mercury D 2.20E-01 1.00E-04 0.001 3.44E-07 7.92E-10 4.90E-12
Total Risk
Notes:  WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk =

Maximum Exposure Concentration; ELCR = Excess Lifetime Cancer Risk
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Surface Soil - Hypothetical Future On-Site Residential (Adult) Carcinogenic Scenario
MSFC-A OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG  Mercury D 3.00E-04 3.00E-08 8.57E-05 2.20E-01 1.00E-04 0.001 3.01E-07 1E-03 1.48E-09 5E-02 7.63E-12 9E-08
Hazard Index 1E-03 5E-02 9E-08
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk = 5E-02

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index
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Surface Soil - Hypothetical Future On-Site Residential (Child) Scenario

MSFC-A OU-9 Record of Decision

Ingestion:

CDI= Cs*IR*FI*ET*EF*ED*CF
BW * AT

Cs= Concentration in soil (mg/kg)

IR= Ingestion Rate (mg/day)

Fl= Fraction Ingested (unitless)

ET= Exposure Time (hours/day)

EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF= Conversion Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:

CDI= Cs*SA*AF*ABS*ET*EF*ED*CF
BW * AT

Cs = Concentration in soil (mg/kg)

SA = Surface Area (cm?

AF = Soil-Skin Adherence Factor (mg/cm?)

ABS = Absorption Factor (unitless)

ET= Exposure Time (4 hours per 24-hour day)

EF = Exposure Frequency (day/year)

ED= Exposure Duration (year)

CF= Conversion Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Inhalation:
CDI= Cs*(1/PEF)*IR*ET*EF*ED
BW* AT
Cs= Concentration in soil (mg/kg)
PEF= Particulate Emissssion Factor (m?®kg)
IR= Inhalation Rate (m®/day)
ET= Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED= Exposure Duration (year)

BW = Body Weight (kg)
AT = Averaging Time (days)

References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure Factors,”

OSWER Directive 9285.6-03, March 25, 1991.

b = Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of

the activity per NASA 1997 workplan.

¢ = Surface area of hands, 1/2 arms and feet of a child for exposure to soils, adapted from CEHT, Technical

Noncarcinogenic

RME
200
100%

1.000
350

6
1.00E-06

15
2190

RME

1418

1

(Chemical Specific)
0.167

350
6

1.00E-06
15

2190

RME
1.32E+09
15

0.167
350

6

15

2190

Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.

d = Particulate emission factor (PEF), adapted from U.S. EPA, Soil Screening Guidance: Technical Background

Document, May 1996.

e = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992.

f = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial

Investigation Report (August 1999)
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Surface Soil - Hypothetical Future On-Site Residential (Child) Non-carcinogenic Scenario
MSFC-A OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG  Mercury D 3.00E-04 3.00E-08 8.57E-05 2.20E-01 1.00E-04 0.001 2.81E-06 9E-03 3.33E-09 1E-01 2.67E-11 3E-07
Hazard Index 9E-03 1E-01 3E-07
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk = 1E-01

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index
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Appendix A

MSFC-A-Surface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Background Human Health Exceedance
Station ID Parameter Conc Units RBC GWP Y/N
SB09-005 Mercury 2.20E-01 | = MG/KG 1.56E-01 | X| 5.21E+01 2.00E-01 | X Y
SB09-003 Acetone 6.70E+00 | = MG/KG 4.07E+02 8.00E+00 N
SB09-003 Aluminum 2.04E+04 | = MG/KG | 3.07E+04 N
SB09-002 Antimony 2.70E+00 | J MG/KG | 4.72E+00 6.98E+00 N
SB09-003 Arsenic 6.20E+00 | = MG/KG | 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-004 Arsenic 7.20E+00 | = MG/KG | 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-001 Arsenic 4.90E+00 | = MG/KG | 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-005 Arsenic 5.40E+00 | J MG/KG | 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-002 Arsenic 6.80E+00 | = MG/KG | 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-003 Barium 7.00E+01 | = MG/KG | 2.11E+02 3.20E+01 | X N
SB09-003 Beryllium 3.80E-01 | J MG/KG | 1.20E+00 9.47E-02 | X| 1.80E+01 N
SB09-004 Beryllium 7.40E-01 | J MG/KG | 1.20E+00 9.47E-02 | X| 1.80E+01 N
SB09-001 Beryllium 3.70E-01 | J MG/KG | 1.20E+00 9.47E-02 | X| 1.80E+01 N
SB09-002 Beryllium 3.10E-01 | J MG/KG | 1.20E+00 9.47E-02 | X| 1.80E+01 N
SB09-003 Chromium 4.56E+01 | = MG/KG | 6.11E+01 2.47E+02 1.00E+01 | X N
SB09-004 Chromium 4.06E+01 | = MG/KG | 6.11E+01 2.47E+02 1.00E+01 | X N
SB09-001 Chromium 2.79E+01 | = MG/KG | 6.11E+01 2.47E+02 1.00E+01 | X N
SB09-005 Chromium 3.16E+01 | = MG/KG | 6.11E+01 2.47E+02 1.00E+01 | X N
SB09-002 Chromium 5.19E+01 | = MG/KG | 6.11E+01 2.47E+02 1.00E+01 | X N
SB09-003 Cobalt 7.30E+00 | J MG/KG | 1.91E+01 1.05E+03 2.19E+02 N
SB09-003 Copper 1.00E+01 | = MG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-004 Copper 1.04E+01 | = MG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-001 Copper 8.10E+00 | = MG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-005 Copper 8.20E+00 | = MG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-002 Copper 7.90E+00 | = MG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-004 Cyanide 6.50E-01 | J MG/KG 3.10E-01 | X| 3.47E+03 4.00E+01 N
SB09-003 Di-n-butylphthalate 6.00E-02 | J MG/KG 4.07E+02 1.20E+02 N
SB09-003 Iron 3.64E+04 | = MG/KG | 3.93E+04 N
SB09-003 Lead 2.70E+00 | J MG/KG | 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-004 Lead 2.80E+00 | J MG/KG | 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-001 Lead 3.50E+00 | J MG/KG | 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-005 Lead 1.78E+01 | J MG/KG | 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-002 Lead 2.04E+01 | J MG/KG | 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-003 Magnesium 4.93E+02 | J MG/KG | 9.96E+02 N
SB09-003 Manganese 7.84E+02 | = MG/KG | 2.30E+03 1.49E+02 | X| 5.00E+00 | X N
SB09-003 Mercury 1.50E-01 | = MG/KG 1.56E-01 5.21E+01 2.00E-01 N
SB09-003 Methylene chloride 8.00E-03 | J MG/KG 4.42E+00 1.00E-02 N
SB09-003 Nickel 8.60E+00 | J MG/KG | 1.72E+01 3.47E+02 2.10E+01 N
SB09-004 Nickel 1.23E+01 | = MG/KG | 1.72E+01 3.47E+02 2.10E+01 N
SB09-001 Nickel 9.40E+00 | = MG/KG | 1.72E+01 3.47E+02 2.10E+01 N
SB09-005 Nickel 8.00E+00 | J MG/KG | 1.72E+01 3.47E+02 2.10E+01 N
SB09-002 Nickel 1.22E+01 | = MG/KG | 1.72E+01 3.47E+02 2.10E+01 N
SB09-003 Potassium 5.31E+02 | J MG/KG | 1.21E+03 N
SB09-005 Selenium 3.20E-01 | J MG/KG 8.72E+01 3.00E+00 N
SB09-004 Thallium 4.90E-01 |J MG/KG 7.86E-01 1.40E+00 4.00E-01 N
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Appendix A

MSFC-A-Surface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Background Human Health Exceedance

Station ID Parameter Conc | Q | Units RBC GWP YN
SB09-001 Thallium 2.10E-01 (J MG/KG 7.86E-01 1.40E+00 4.00E-01 N
SB09-002 Thallium 4.30E-01 | J MG/KG 7.86E-01 1.40E+00 4.00E-01 | X N
SB09-003 Vanadium 8.35E+01 | = MG/KG | 8.85E+01 1.22E+02 N
SB09-003 Zinc 4.05E+01 | J MG/KG | 8.62E+01 5.21E+04 4.20E+04 N
SB09-004 Zinc 5.85E+01 | J MG/KG | 8.62E+01 5.21E+04 4.20E+04 N
SB09-001 Zinc 4.83E+01 | J MG/KG | 8.62E+01 5.21E+04 4.20E+04 N
SB09-005 Zinc 5.90E+01 | J MG/KG | 8.62E+01 5.21E+04 4.20E+04 N
SB09-002 Zinc 4.39E+01 | J MG/KG | 8.62E+01 5.21E+04 4.20E+04 N
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MSFC-A Residential Risk Assessment
Calculations for Subsurface Soil




Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Scenario
MSFC-A OU-9 Record of Decision

Carci . N . .

Ingestion:
Agge-speciﬁc intake (for carcinogenic compounds only): Intake for non-carcinogenic compounds:
chw’: * - * - - CDI=Q§.IB.EI'EI.EE.ED.QE
AT BW * AT
Cs= Concentration in soil (mg/kg) RME RME
R= ingestion Rate (mg/day) N/A 100 a
IRy = Age-Specific Ingestion Rate {mg - year)/(kg - day) 11429 ¢ N/A
Fl= Fraction Ingested (unitiess) 100% 100%
ET= Exposure Time (hours/day) 1.000 b 1.000 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED= Exposure Duration (year) N/A 30 a
CF = Conversion Factor {(kg/mg) 1.00E-06 1.00E-06
BW = Body Welght (kg) N/A 70 a
AT= Averaging Time (days) 25550 a 10950 a
Dermal:
Age-specific intake (for carcinogenic compounds only):
CDly = * *AF* *ETEF* CDi= Cs*SA*AF*ABS*ET*EF*ED*CF
AT 8W * AT
Cs= Concentration in soil (mg/kg) RME RME
SA= Surface Area (cm?) NIA 2936 d
SAu=  Age-Specific Surface Area (cm’) 1574 e N/A
AF = Soil-Skin Adherence Factor {mg/cm?) 1t 1
ABS = Absorption Factor (unitiess) {Chemical Specific) g {Chemical Specific) g
ET= Exposure Time (4 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency (day/year) 370 a 350 a
ED = Exposure Duration (year) N/A 30a
CF = Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a
Inhalation:
Age-specific intake (for carcinogenic compounds only):
CDl,y = Cs*(1/PEF)* IBinh_ad] * ET * EF CDI= * *IR*ET*EF*
AT BW * AT
Cs= Concentration in soil {(mg/kg) RME RME
PEF = Particulate Emission Factor {m*/kg) 1.32E+09 h 1.32E+09 h
[R_Inh= Inhalation Rate (m’lday) N/A 20 a
IR_Inh_adj Age-Specific Inhalation Rate (m*/day) 12.86 i+ N/A
ET= Exposure Time (4 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 30 a
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (d'ays) 25550 a 10950 a
References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: *Standard Default Exposure

Factors,” OSWER Directive 9285.6-03, March 25, 1991.
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the

nature of the activity per NASA 1997 workplan.
¢ = Age-adjusted ingestion rate for adulits, adjusted for body weight and time for carcinogenic exposure.

IRadf = IBc x EDc + IRa x_(EDa - EDe) = 200x6 + 100 x (30-£)

BWc BWa 15 70
= 114.29 (mg-year)/(kg-day)

d = Surface area of hands, 1/2 arms and feet of an adult for exposure to soils, adapted from

CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.
e = Age-adjusted surface area for aduits, adjusted for body weight and time for carcinogenic exposure.

SAadj = BSAc x EDc + SAa_x (FDa - EDc) = 1418 x 8 + 2936 x (30-6)

BWc BWa 15 70
= 1574 (cm>-year)/(kg)

f = U.5. EPA Dermal Exposure Assessment: Principles and Application, January 1992.
g = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC QU-9 Remedial investigation Report
{August 1999)
h = Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance: Technical Background

Document, May 1996.
i = Age-adjusted inhalation rate for adults, adjusted for body weight and time for carcinogenic exposure.

IR_inh_adj= IR _Inhe x EDc  + IR inha x (EDa-EDg) = 15x6 + 20 x (30:6)
BWc BWa 15 70
= 12,86 (m*-year)/(kg-day)
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Non-carcinogenic Scenario
MSFC-A OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG  Barium 7.00E-02 4.90E-03 1.43E-04 1.29E+02 7.00E-02 0.001 1.77E-04 3E-03 8.66E-07 2E-04 4.47E-09 3E-05
MG/KG Cadmium B1 1.00E-03  1.00E-05 4.40E+00 1.00E-02 0.001 6.03E-06 6E-03 2.96E-08 3E-03 1.53E-10
MG/KG  Chromium A 1.00E+00 2.00E-02 1.86E+02 2.00E-02 0.001 2.55E-04 3E-04 1.25E-06 6E-05 6.45E-09
MG/KG Manganese D 1.40E-01 5.60E-03 1.43E-05 2.13E+03 4.00E-02 0.001 2.92E-03 2E-02 1.43E-05 3E-03 7.38E-08 5E-03
MG/KG  Nickel 2.00E-02  5.40E-03 493E+01 2.70E-01 0.001 6.75E-05 3E-03 3.31E-07 6E-05 1.71E-09
MG/KG  Arochlor-1254 B2 2.00E-05 1.80E-05 2.00E-02 9.00E-01 0.06 2.74E-08 1E-03 8.06E-09 4E-04 6.93E-13
MG/KG 2-Butanone D 6.00E-01 4.80E-01 2.86E-01 1.40E-02 8.00E-01 0.01 1.92E-08 3E-08 9.40E-10 2E-09 4.85E-13 2E-12
MG/KG Acetone D 1.00E-01 8.30E-02 1.10E+01 8.30E-01 0.01 1.51E-05 2E-04 7.39E-07 9E-06 3.81E-10

Hazard Index 3E-02 6E-03 5E-03
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI= 5E-02

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index
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Subsurface Soil - Hypothetical Future On-Site Residential (Child) Non-carcinogenic Scenario
MSFC-A OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG Barium 7.00E-02 4.90E-03 1.43E-04 1.29E+02 7.00E-02 0.001 1.65E-03 2.36E-02 1.17E-05 2.39E-03 9.37E-08 6.56E-04
MG/KG  Cadmium B1 1.00E-03 1.00E-05 4.40E+00 1.00E-02 0.001 5.63E-05 5.63E-02 3.99E-07 3.99E-02 3.20E-09
MG/KG  Chromium A 1.00E+00 2.00E-02 1.86E+02 2.00E-02 0.001 2.38E-03 2.38E-03 1.69E-05 8.43E-04 1.35E-07
MG/KG Manganese D 1.40E-01 5.60E-03 1.43E-05 2.13E+03 4.00E-02 0.001 2.72E-02 1.95E-01 1.93E-04 3.45E-02 1.55E-05 1.08E-01
MG/KG  Nickel 2.00E-02 5.40E-03 4.93E+01 2.70E-01 0.001 6.30E-04 3.15E-02 4.47E-06 8.28E-04 3.58E-08
MG/KG  Arochlor-1254 B2 2.00E-05 1.80E-05 2.00E-02 9.00E-01 0.06 2.56E-07 1.28E-02 1.09E-07 6.04E-03 1.45E-11
MG/KG 2-Butanone D 6.00E-01 4.80E-01 2.86E-01 1.40E-02 8.00E-01 0.01 1.79E-O7 2.98E-07 1.27E-08 2.64E-08 1.02E-11 3.56E-11
MG/KG Acetone D 1.00E-01 8.30E-02 1.10E+01 8.30E-01 0.01 1.41E-04 1.41E-03 9.97E-06 1.20E-04 7.99E-09

Hazard Index 3.22E-01 8.46E-02 1.09E-01

Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index

DFB/15135.xls
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Appendix A

MSFC-A-Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Upper | Lower Background Human Health | Exceedance

Station ID [ Depth | Depth |Parameter Conc | Q |Units GWP Y/N
SB09-003 6 7 |Acetone 1.10E+01 | = [ MG/KG 8.00E+00 [X Y
SB09-003 6 7 |Barium 1.29E+02 | = | MG/KG 6.07E+01 [ X 3.20E+01 [ X Y
SB09-005 6 6.8 [Chromium 1.86E+02 | = | MG/KG 1.54E+02 | X 1.00E+01 | X Y
SB09-003 6 7 [Manganese 2.13E+03 | = | MG/KG 4.90E+02 | X 5.00E+00 | X Y
SB09-005 6 6.8 [Nickel 4.93E+01 | = | MG/KG 1.78E+01 | X 2.10E+01 [X Y
SB09-003 6 7 |2-Butanone 1.40E-02|J | MG/KG N/A
SB09-003 6 7 |Aroclor-1254 2.00E-02|J | MG/KG N/A
SB09-005 6 6.8 |Cadmium 4.40E+00 | = | MG/KG 1.57E+00 | X N/A
SB09-003 6 7 |Aluminum 2.46E+04 | = | MG/KG 3.33E+04 N
SB09-002 6.5 7 |Antimony 3.00E+00|J |MG/KG 8.00E+00 N
SB09-003 6 7 |Arsenic 7.60E+00 | = | MG/KG 1.36E+01 1.50E+01 N
SB09-001 6.5 7 |Arsenic 1.08E+01 | = | MG/KG 1.36E+01 1.50E+01 N
SB09-005 6 6.8 |Arsenic 6.00E+00 | = | MG/KG 1.36E+01 1.50E+01 N
SB09-004 6 7 |Arsenic 6.90E+00 [ = [ MG/KG 1.36E+01 1.50E+01 N
SB09-004 6 7 |Arsenic 7.50E+00 | = [ MG/KG 1.36E+01 1.50E+01 N
SB09-002 6.5 7 |Arsenic 7.00E+00 | = [MG/KG 1.36E+01 1.50E+01 N
SB09-003 6 7 |Beryllium 6.60E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-001 6.5 7 |Beryllium 1.10E+00|J | MG/KG 1.26E+00 1.80E+02 N
SB09-004 6 7 |Beryllium 9.30E-01|J |[MG/KG 1.26E+00 1.80E+02 N
SB09-004 6 7 |Beryllium 9.30E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-002 6.5 7 |Beryllium 3.30E-01|J |MG/KG 1.26E+00 1.80E+02 N
SB09-003 6 7 |Chromium 4.72E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-001 6.5 7 |Chromium 9.02E+01 | = [MG/KG 1.54E+02 1.00E+01 | X N
SB09-004 6 7 |Chromium 3.43E+01 | = [MG/KG 1.54E+02 1.00E+01 | X N
SB09-004 6 7 |Chromium 3.00E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-002 6.5 7 |Chromium 3.60E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-005 6 6.8 |Chromium, hexavo 1.40E-01 | = | MG/KG 3.29E+01 [ X N
SB09-003 6 7 |Cobalt 2.10E+01 | = [MG/KG 9.06E+00 | X 2.19E+02 N
SB09-003 6 7 |Copper 1.38E+01 | = [ MG/KG 1.93E+01 4.50E+01 N
SB09-001 6.5 7 |Copper 2.03E+01 | = | MG/KG 1.93E+01 | X 4.50E+01 N
SB09-005 6 6.8 |Copper 1.43E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-004 6 7 |Copper 1.48E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-004 6 7 |Copper 1.16E+01 MG/KG 1.93E+01 4.50E+01 N
SB09-002 6.5 7 |Copper 8.60E+00 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-003 6 7 |Cyanide 2.10E-01|J |[MG/KG 4.00E+01 N
SB09-003 6 7 |Di-n-butylphthalate 5.60E-02|J |[MG/KG 1.20E+02 N
SB09-003 6 7 |lron 3.49E+04 [ = [MG/KG 6.86E+04 N
SB09-003 6 7 |Lead 1.63E+01|J |[MG/KG 2.63E+01 1.50E+00 | X N
SB09-001 6.5 7 |Lead 4.70E+00|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-005 6 6.8 [Lead 1.31E+01|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-004 6 7 |Lead 1.02E+01|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-004 6 7 |Lead 1.40E+01|J |[MG/KG 2.63E+01 1.50E+00 | X N
SB09-002 6.5 7 |Lead 1.71E+01|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-003 6 7 [Magnesium 6.72E+02 | J | MG/KG 7.45E+02 N
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Appendix A

MSFC-A-Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Upper | Lower Background Human Health | Exceedance

Station ID [ Depth | Depth |Parameter Conc | Q |Units GWP Y/N
SB09-005 6 6.8 [Mercury 1.20E-01| = | MG/KG 1.93E-01 2.00E-01 N
SB09-003 6 7 [Nickel 1.36E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-001 6.5 7 |Nickel 1.86E+01 | = | MG/KG 1.78E+01 | X 2.10E+01 N
SB09-004 6 7 |Nickel 1.48E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-004 6 7 |Nickel 1.19E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-002 6.5 7 |Nickel 7.40E+00[J | MG/KG 1.78E+01 2.10E+01 N
SB09-003 6 7 |Potassium 7.95E+02[J [ MG/KG 9.00E+02 N
SB09-001 6.5 7 |Silver 3.10E+00 | = | MG/KG 1.17E+00 | X 1.83E+01 N
SB09-005 6 6.8 [Silver 6.10E-01|J [MG/KG 1.17E+00 1.83E+01 N
SB09-001 6.5 7 |Thallium 5.90E+01|J |MG/KG 6.30E-01 4.00E-01 (X N
SB09-004 6 7 |Thallium 4.90E+01|J | MG/KG 6.30E-01 4.00E-01 (X N
SB09-004 6 7 |Thallium 6.30E-01|J | MG/KG 6.30E-01 4.00E-01 (X N
SB09-002 6.5 7 |Thallium 3.80E-01|J |MG/KG 6.30E-01 4.00E-01 N
SB09-003 6 7 |Vanadium 7.68E+01 | = | MG/KG 1.72E+02 N
SB09-003 6 7 |Zinc 6.63E+01|J [MG/KG 1.17E+02 4.20E+04 N
SB09-001 6.5 7 |Zinc 9.82E+01|J [MG/KG 1.17E+02 4.20E+04 N
SB09-005 6 6.8 |Zinc 9.16E+01|J [MG/KG 1.17E+02 4.20E+04 N
SB09-004 6 7 |Zinc 6.42E+01|J [MG/KG 1.17E+02 4.20E+04 N
SB09-004 6 7 |Zinc 4.84E+01|J | MG/KG 1.17E+02 4.20E+04 N
SB09-002 6.5 7 |Zinc 3.74E+01|J |[MG/KG 1.17E+02 4.20E+04 N
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MSFC-045/046 Residential Risk RISK
Assessment Calculations for Subsurface Soil




Surface Soil - Hypothetical Future On-Site Residential (Adult) Scenario

MSFC-045/046 OU-9 Record of Decision

Ingestion:
Age-specific intake (for carcinogenic compounds only):
CDlyy = Cs*iBadj*FI*ET*EF*CF
AT
Cs= Concentration in soll (mg/kg)
R= Ingestion Rate (mg/day)
IRy = Age-Specific Ingestion Rate (mg - year)/(kg - day)
Fl= Fraction {ngested (unitless)
ET= Exposure Time (hours/day)
EF = Exposure Frequency (day/year)
ED= Exposure Duration (year)
CF= Conversion Factor (kg/mg)
BW = Body Welght (kg}
AT = Averaging Time (days)
Dermal:

Age-specific intake {for carcinogenic compounds only):

CDl,y= C*SAadji*AF*ABS'ET‘EF " CF

AT
Cs = Concentration in soil (mg/kg)
SA= Surface Area (cm?)
SA = Age-Specific Surface Area (cm?)
AF = Sofl-Skin Adherence Factor {mg/cm®)
ABS = Absorption Factor {unitless)
ET= Exposure Time {4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Inhafation:
Age-specific intake (for carcinogenic compounds only):
CDI..,, Cs *(1/PEF)* [Binh adj *EY*EF _
. AT

Cs= Concentration in soil {(mg/kg)

PEF = Particulate Emission Factor {m%kg)
IR_inh= Inhalation Rate {m*/day)

IR_Inh_adj Age-Specific Inhalation Rate (m*/day)

ET= Exposure Time {4 hours per 24-hour day)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

BW = Body Weight (kg)

AT = Averaging Time (days)

References:

 cDi=

CDi=

_Coi=

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure ‘

Factors,” OSWER Directive 9285.6-03, March 25, 1991.

b = Time spent outdoors in the contaminated areas using best professional judgement, based on the

naturé of the activity per NASA 1837 workplan.

¢ = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure.

Radj = IBc x EDc +  IBa_x (EDa-EDC)

BWc BWa
= 114.29 (mg-year)/{kg-day)

d = Surface area of hands, 1/2 arms and feet of an adult for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.
e = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.

SAadj = SAc x Fha + SAa x (EDa - EDc)

Bwe BWa
= 1574 {cm*-year)/(kg)

Intake for non-carcinogenic compounds:
- * * * *
BW*AT

RME RME
N/A 100 a

11429 ¢ N/A

100% 100%
1.000 b 1.000 b
350 a 350 a
N/A 30a

1.00E-08 1.00E-06
N/A 70 a
25650 a 10950 a

* * * * * - *
BW * AT

RME RME
N/A 2936 d

1574 ¢ N/A
11 it
{Chemical Specific) g {Chemical Specific) g
0.167 b 0.167 b
350 a 350 a
N/A 30a

1.00E-08 1.00E-06
N/A 70 a
25550 a 10950 a

BW* AT

RME RME
1.32E6+09 h 1.32E+09 h
© N/A 20 a

12861 . N/A
0.167 b 0.167 b
350 a 350 a
N/A 30a
N/A 70 a
25550 a 10950 a

100 x (30-6}
15 70
1418x 6 + 2936 x (30-6)
15 70

f = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1892.
g = Chemical-specific absorpllon factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial Investigation Report

(August 1999)

h = Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance: Technica! Background

Docurnent, May 1996.

i = Age-adjusted inhalation rate for adults, adjusted for body weight and time for carcinogenic exposure,

IR_Inh_adj = {B.Inhc_x FDc  + [B_inha x {FDa- ENc)
. BWa

BWc
= 12.86 (m*-year)/{kg-day)
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Surface Soil - Hypothetical Future On-Site Residential (Adult) Non-Carcinogenic Scenario

MSFC-045/046 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE SFo Sfd SFi RME DE ABS CDlg; ELCR CDl; ELCR CDl,g; ELCR
MG/KG  Arsenic A 1.50E+00 3.66E+00 1.51E+01 9.51E+00 4.10E-01 0.001 1.49E-05 2E-05 3.42E-08 1E-07 2.12E-10 3E-09
MG/KG  Cadmium A 3.40E+02 2.00E-02 0.001 5.32E-04 1.22E-06 7.58E-09
MG/KG Copper D 2.93E+01 3.00E-01 0.001 4.59E-05 1.05E-07 6.53E-10
MG/KG Nickel 5.70E+01 2.70E-01 0.001 8.93E-05 2.05E-07 1.27E-09

Total Risk 2E-05 1E-07 3E-09
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk = 2E-05

Maximum Exposure Concentration; ELCR = Excess Lifetime Cancer Risk

DFB/15073.xls

01/12/2000 (11:56 AM)



Surface Soil - Hypothetical Future On-Site Residential (Adult) Non-Carcinogenic Scenario
MSFC-045/046 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG Arsenic A 3.00E-04 1.23E-04 9.51E+00 4.10E-01 0.001 1.30E-05 4E-02 6.38E-08 5E-04 3.29E-10

MG/KG Cadmium A 1.00E+00 2.00E-02 3.40E+02 2.00E-02 0.001 4.66E-04 5E-04 2.28E-06 1E-04 1.18E-08

MG/KG Copper D 4.00E-02 1.20E-02 2.93E+01 3.00E-01 0.001 4.01E-05 1E-03 1.97E-07 2E-05 1.02E-09

MG/KG Nickel 2.00E-02 5.40E-03 5.70E+01 2.70E-01 0.001 7.81E-05 4E-03 3.83E-07 7E-05 1.98E-09

Hazard Index 5E-02 7E-04
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI= 5E-02

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index

DFB/15073.xls
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Surface Soil - Hypothetical Future On-Site Residential (Child) Scenario

MSFC-045/046 OU-9 Record of Decision

Ingestion:

CDI= Cs*IR*FI*ET*EF*ED*CF
BW * AT

Cs= Concentration in soil (mg/kg)

IR= Ingestion Rate (mg/day)

Fl= Fraction Ingested (unitless)

ET= Exposure Time (hours/day)

EF = Exposure Frequency (day/year)

ED= Exposure Duration (year)

CF= Conversion Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:

CDI= Cs*SA*AF*ABS*ET*EF*ED*CF
BW * AT

Cs= Concentration in soil (mg/kg)

SA=  Surface Area (cm?)

AF = Soil-Skin Adherence Factor (mg/cm?)

ABS = Absorption Factor (unitless)

ET= Exposure Time (4 hours per 24-hour day)

EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF= Conversion Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Inhalation:
CDI= Cs*(1/PEF)*IR*ET*EF*ED
BW * AT
Cs = Concentration in soil (mg/kg)
PEF= Particulate Emissssion Factor (m®kg)
IR= Inhalation Rate (m®/day)
ET= Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

BW = Body Weight (kg)
AT = Averaging Time (days)

References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure Factors,”

OSWER Directive 9285.6-03, March 25, 1991.

b = Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of

the activity per NASA 1997 workplan.

¢ = Surface area of hands, 1/2 arms and feet of a child for exposure to soils, adapted from CEHT, Technical

Noncarcinogenic

RME
200

100%
1.000

350
6

1.00E-06
15

2190

RME

1418

1

(Chemical Specific)
0.167

350

6
1.00E-06

15
2190

RME

1.32E+09
15

0.167
350

6

15
2190

Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.

d = Particulate emission factor (PEF), adapted from U.S. EPA, Soil Screening Guidance: Technical Background

Document, May 1996.

e = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992.

f = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial

Investigation Report (August 1999)
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Surface Soil - Hypothetical Future On-Site Residential (Adult) Non-Carcinogenic Scenario
MSFC-045/046 OU-9 Record of Decision

Ingestion Dermal Inhalation
Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ HGQ HQ CDI HQ
Units
Arsenic A 3.00E-04 1.23E-04 9.51E+00 4.10E-01 0.001 1.22E-04 4E-01 1.44E-07 1E-03 1.15E-09
MG/KG
Cadmium A 1.00E+00 2.00E-02 3.40E+02 2.00E-02 0.001 4.35E-03 4E-03 5.15E-06 3E-04 4.12E-08
MG/KG
Copper D 4.00E-02 1.20E-02 2.93E+01 3.00E-01 0.001 3.75E-04 9E-03 4.43E-07 4E-05 3.55-09
MG/KG
Nickel 2.00E-02 5.40E-03 5.70E+01 2.70E-01 0.001 7.29E-04 4E-02 8.63E-07 2E-04 6.92E-09
MG/KG
Hazard Index 5E-01 2E-03
WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI= 5E-01
Notes: Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index
DFB/15174.xls 01/12/2000 (12:00 PM)



Appendix A

SFC-045/046-Surface soil
QOU-9 Record of Decision

Comparison Criteria Final
Background Human Health Exceedance

Station ID Parameter Conc Units RBC GWP Y/N
SB09-006 Arsenic 1.20E+01 |= [MGI/KG 1.09E+01 | X 2.31E-01 | X| 1.50E+01 Y
SB09-008 Chromium 1.39E+02 |J |MG/KG 6.11E+01 [ X 2.47TE+02 1.00E+01 (X Y
SB09-011 Chromium 8.60E+01 |= |MG/KG 6.11E+01 2.47E+02 1.00E+01 X Y
SB09-010 Chromium 8.05E+01 |J [MG/KG 6.11E+01 2.47E+02 1.00E+01 | X Y
SB09-014 Chromium 9.46E+02 |= | MG/KG 6.11E+01 2.47E+02 | X| 1.00E+01 | X Y
SB09-014 Copper 7.02E+01 |= | MG/KG 1.62E+01 6.42E+03 4 50E+01 | X Y
SB09-014 Nickel 1.71E+02 |J |MG/KG 1.72E+01 3.47E+03 2.10E+01 | X Y
SB09-012 1,1,1-Trichloroethane | 2.00E-03 |= [MG/KG 4.90E+00 9.00E-01 N
SB09-012 4,4x-DDE 2.90E-03 |= |MG/IKG 2.80E-01 5.50E+00 N
SB09-012 4.4x-DDT 2.20E-03 |= |MG/IKG 2.80E-01 3.00E-01 N
SB09-012 |Acetone 7.50E-01 |= |MG/KG 4.07E+02 8.00E+00 N
SB09-012 Aluminum 1.99E+04 [= | MG/KG 3.07E+04 N
SB09-007 Arsenic 5.30E+00 |= | MG/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-008 Arsenic 8.00E+00 |= | MG/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-009 Arsenic 6.00E+00 |= |MG/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-012 Arsenic 6.10E+00 |= [MG/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-013 Arsenic 8.80E+00 |= | MG/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-015 Arsenic 9.40E+00 |= | MG/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-011 Arsenic 1.02E+01 |= [MGI/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-010 Arsenic 6.70E+00 |= [MG/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-010 Arsenic 6.60E+00 |= [MG/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-014 Arsenic 4.60E+00 |= |MG/KG 1.09E+01 2.31E-01 | X| 1.50E+01 N
SB09-012 Barium 1.43E+02 |= |MG/KG 2.11E+02 3.20E+01 | X N
SB09-012 Beryllium 6.80E-01 |J |MGI/KG 1.20E+00 9.47E-02 | X| 1.80E+02 N
SB09-013 Beryllium 7.50E-01 |J |MG/KG 1.20E+00 9.47E-02 | X| 1.80E+02 N
SB09-015 Beryllium 5.90E-01 [J [MG/KG 1.20E+00 9.47E-02 | X| 1.80E+02 N
SB09-011 Beryllium 3.10E-01 [J [MG/KG 1.20E+00 9.47E-02 | X| 1.80E+02 N
SB09-006 Beryllium 4,70E-01 [J [MG/KG 1.20E+00 9.47E-02 | X| 1.80E+02 N
SB09-014 Beryllium 2.30E-01 |J |MGI/KG 1.20E+00 9.47E-02 | X| 1.80E+02 N
SB09-008 Cadmium 2.60E+00 |= | MG/KG 1.74E+02 N
SB09-014 Cadmium 1.50E+01 |= [MG/KG 1.74E+02 N
SB09-007 Cadmium 2.78E+01 |J |MG/KG 6.11E+01 2.47TE+02 1.00E+01 (X N
SB09-009 Cadmium 4.17E+01 |J |MG/KG 6.11E+01 2.47E+02 1.00E+01 | X N
SB09-012 Cadmium 5.26E+01 |= | MG/KG 6.11E+01 2.47E+02 1.00E+01 (X N
SB09-013 Cadmium 4.67E+01 |= |MG/KG 6.11E+01 2.47E+02 1.00E+01 (X N
SB09-015 Cadmium 5.16E+01 |= |MG/KG 6.11E+01 2.47TE+02 1.00E+01 (X N
SB09-010 Cadmium 5.78E+01 |J [MGI/KG 6.11E+01 2.47E+02 1.00E+01 | X N
SB09-006 Cadmium 3.91E+01 |= | MG/KG 6.11E+01 2.47E+02 1.00E+01 (X N
SB09-012 Cobalt 1.17E+01 |= [MG/KG 1.91E+01 1.05E+03 2.19E+02 N
SB09-007 Copper 9.80E+00 |= |MG/KG 1.62E+01 6.42E+01 4.50E+01 N
SB09-008 Copper 2.53E+01 |= [MGI/KG 1.62E+01 6.42E+01 4.50E+01 N
SB09-009 Copper 1.01E+01 |= [MGI/KG 1.62E+01 6.42E+01 4.50E+01 N
SB09-012 Copper 9.00E+00 |= | MG/KG 1.62E+01 6.42E+01 4.50E+01 N
SB09-013 Copper 8.40E+00 |= |MG/KG 1.62E+01 6.42E+01 4.50E+01 N
SB09-015 Copper 1.28E+01 |= |MG/KG 1.62E+01 6.42E+01 4.50E+01 N




Appendix A

MSFC-045/046—Surface soil
QOU-9 Record of Decision

Comparison Criteria Final
Background Human Health Exceedance

Station ID Parameter Conc | Q [Units RBC GWP YN
SB09-011 Copper 6.50E+00 |= |MG/KG 1.62E+01 6.42E+03 4.50E+01 N
SB09-010 Copper 1.08E+01 |= |MG/KG 1.62E+01 6.42E+03 4.50E+01 N
SB09-010 Copper 1.24E+01 |= |MG/KG 1.62E+01 6.42E+03 4.50E+01 N
SB09-006 Copper 7.90E+00 |= |MG/KG 1.62E+01 6.42E+03 4.50E+01 N
SB09-008 Cyanide 6.70E-01 |J |MG/KG 3.10E-01 | X 3.47E+03 4.00E+01 N
SB09-011 Cyanide 4.40E-01 [J [MG/KG 3.10E-01 | X 3.47E+03 4.00E+01 N
SB09-012 Di-n-butyphthalate 4.70E-02 [J |MG/KG 407E+02 1.20E+02 N
SB09-012 Iron 3.07E+04 |= |MG/KG 3.93E+04 N
SB09-007 Lead 1.72E+01 |J |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-008 Lead 8.10E+00 |J |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-009 Lead 2.09E+01 |J |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-012 Lead 2.33E+01 |J |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-013 Lead 1.40E+01 | = |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-015 Lead 1.05E+01 | = |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-011 Lead 7.80E+00 |= |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-010 Lead 4.70E+00 |J [MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-010 Lead 1.84E+01 |J |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-006 Lead 2.24E+01 | = |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-014 Lead 2.13E+01 |= |MG/KG 4.06E+01 4.00E+02 1.50E+00 | X N
SB09-012 Magnesium 5.56E+02 |J [MG/KG 9.96E+02 N
SB09-012 Manganese 103E+01 |= |MG/KG 2.30+03 1.49E+02 5.00E+00 [ X N
SB09-007 Nickel 2.04E+03 | = |MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-008 Nickel 2.10E+01 |= [MG/KG 1.72E+01 | X 3.47E+03 2.10E+01 N
SB09-009 Nickel 1.11E+01 [= | MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-012 Nickel 1.01E+01 [= |MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-013 Nickel 9.70E+00 | = |MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-015 Nickel 1.11E+01 [= | MG/KG 1.72E+01 | X 3.47E+03 2.10E+01 N
SB09-011 Nickel 5.40E+00 |J [MGI/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-010 Nickel 1.35E+01 [= | MG/KG 1.21E+03 N
SB09-010 Nickel 1.79E+01 | = |MG/KG 8.68E+02 1.83E+01 N
SB09-006 Nickel 6.60E+00 |J |MG/KG 8.85E+01 1.22E+02 N
SB09-012 Potassium 6.01E+02 |J [MGI/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-008 Silver 8.30E+00 |J |MG/KG 8.62E+01 [ X 5.21E+04 4.20E+04 N
SB09-012 Vanadium 7.38E+01 | = |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-007 Zinc 7.01E+01 |J |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-008 Zinc 9.76E+01 |J [MGI/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-009 |Zinc 5.12E+01 |J |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-012 Zinc 4.30E+01 |J |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-013 Zinc 3.78E+01 |J |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-015 Zinc 5.84E+01 |J |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-011 |Zinc 3.20E+01 |J |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-010 Zinc 5.27E+01 |J |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-010 Zinc 6.13E+01 |J |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-006 Zinc 4.08E+01 |J |MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-014 Zinc 1.71E+02 |J |MG/KG 8.62E+01 | X 5.21E+04 4.20E+04




MSFC-045/046 Residential Risk Assessment
Calculations for Subsurface Soil




Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Scenario

MSFC-045/046 OU-9 Record of Decision

Ingestion:
Age-specific intake (for carcinogenic compounds only):
COly = Cs*IRadj*FI*ET*EF*CF
. AT
Cs= Concentration in soit (mg/kg)
IR= Ingestion Rate (mg/day)
IRy = Age-Specific Ingestion Rate (mg - year)/(kg - day)
Fl= Fraction Ingested (unitless)
ET = Exposure Time (days/year)
EF = Exposure Frequency {day/year)
ED = Exposure Duration {year)
CF= Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)
Dermat:

Age-specific intake (for carcinogenic compounds only):
* * ® * *

CDjy = Cs*SAadj* AF*ABS *ET"EF *CF

AT
Cs = Concentration in soif (mg/kg)
SA= Surface Area {cm?)
SAy=  Age-Speciiic Surface Area {cm®)
AF = Soil-Skin Adherence Factor (mg/cm?)
ABS = Absorption Factor {unitless)
ET= - Exposure Time {4 hours per 24-hour day)
EF = Exposure Frequency (daylyear)
ED = Exposure Duration (year)
CF= Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)
inhatation:
Age-specific intake (for carcinogenic compounds only):
CDl.dl = - " « -
AT
Cs= Concentration in soil {mg/kg)
PEF = Particulate Emission Factor (m%kg)
IR_Inh=Inhalation Rate (m*day)
IR_Inh_adj Age-Specific Inhalation Rate (m*/day)
ET= Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED= Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)
References:

Carcinogenic Nancarcinogenic
Intake for non-carcinogenic compounds:
cD,___ QS.IB.EI'EI.EE‘ED‘QE

BW « AT
RAME RAME
N/A 100 a
11429 ¢ NA
100% 100%
1.000 b 1.000 b
350 a 350 a
NA 30a
1.00E-06 1.00E-06
N/A 70 a
25550 a 10950 a
CDi= Cs*SA*AE*ABS*ET*EF*ED*CF
BW * AT
RME RME
NIA 2936 d
1574 NIA

1§ 1¢
{Chemical Specific} g {Chemical Specific) g

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure

Factors,” OSWER Directive 9285.6-03, March 25, 1991.

b = Time spent outdoors in the contaminated areas using best professional judgement, based on the

nature of the activity per NASA 1997 workplan.

¢ = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure.

IRadj = [Bcx EDc + -
Bwc Bwa
= 114.29 (mg-year)/(kg-day)

d = Surface area of hands, 1/2 arms and feet of an aduit for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997,
e = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.

SAadj = BSAc x EDc + .
BWc B8Wa

= 1574 {cm>-year)/(kg)

SAa_x (EDa - EDc)

0.167 b 0.167 b
350 a 350 a
N/A 30a

1.00E-06 1.00E-06
N/A 70 a
25550 a 10950 a

CD' = * * * * *
BW * AT

RME RME
1.32E+09 h 1.32E+09 h
N/A 20 a

1286 i N/A
0.167 b 0.167 b
350 a 350 a
N/A 30a
N/A 70 a
25550 a 10950 a

= 200 x 6 + 100 x (30-6)
15 70
= 1418x 6 + 2936 x (30-6)
15 70

t = U.8, EPA Dermal Exposure Assessment: Principles and Application, January 1992.
g = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial Investigation Report

{August 1999)

h = Particulate emission factor (PEF), adapted from U.5.EPA, Soi! Screening Guidance: Technical Background

Document, May 1996,

i = Age-adjusted inhalation rate for adulls, adjusted for body weight and time for carcinogenic exposure.

IR_inh_adi = IB_lnhc x EDc  +
BWc BWa
= 12.86 (m*-year)/(kg-day)

DFB/15075.xIs
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Non-carcinogenic Scenario

MSFC-045/046 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE SFo SFd SFi RME DE ABS CDlyjq ELCR CDl g ELCR CDl g ELCR
MG/KG Barium 1.62E+02  7.00E-02 0.001 2.54E-04 5.83E-07 3.61E-09
MG/KG Cadmium B1 6.30E+00 1.07E+00 1.00E-02 0.001 1.68E-06 3.86E-09 2.39E-11 2E-10
MG/KG Chromium A 4.29E+02  2.00E-02 0.001 6.71E-04 1.54E-06 9.56E-09
MG/KG Copper D 237E+01  3.00E-01 0.001 3.71E-05 8.52E-08 5.27E-10
MG/KG Manganese D 7.84E+02  4.00E-02 0.001 1.23E-03 2.82E-06 1.75E-08
MG/KG Mercury D 2.23E-01 1.00E-04 0.001 3.49E-07 8.03E-10 4.97E-12
MG/KG Nickel 1.78E+01 2.70E-01 0.001  2.79E-05 6.42E-08 3.98E-10
MG/KG Aroclor-1254 B2 2.00E+00 2.22E+00 2.00E+00 190E-02  9.00E-01 0.06 2.97E-08 6E-08 4.10E-09 9E-09 4.23E-13 8E-13
MG/KG 4,4-DDD B2 2.40E-01 3.43E-01 1.70E-03  7.00E-01 0.03 2.66E-09 6E-10 1.84E-10 6E-11 3.79E-14
MG/KG 2-Butanone D 8.00E-03  8.00E-01 0.01 1.25E-08 2.88E-10 1.78E-13
MG/KG Acetone D 9.50E+00  8.30E-01 0.01 1.49E-05 3.42E-07 2.12E-10

Total Risk 6E-08 9E-09 2E-10
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk = 7E-08

Maximum Exposure Concentration; ELCR = Excess Lifetime Cancer Risk

DFB/15075
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Subsurface Soil - Hypothetical Future On-Site Residential (Child) Non-carcinogenic Scenario
MSFC-045/046 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG Barium 7.00E-02 4.90E-03 1.43E-04 1.62E+02 7.00E-02 0.001 2.07E-03 2.96E-02 1.47E-05 3.00E-03 1.18E-07 8.24E-04
MG/KG Cadmium Bl 1.00E-03 1.00E-05 1.07E+00 1.00E-02 0.001 1.37E-05 1.37E-02 9.73E-08 9.73E-03 7.79E-10
MG/KG Chromium A 1.00E+00 2.00E-02 4.29E+02 2.00E-02 0.001 5.48E-03 5.48E-03 3.89E-05 1.94E-03 3.11E-07
MG/KG Copper D 4.00E-02 1.20E-02 2.37E+01 3.00E-01 0.001 3.03E-04 7.56E-03 2.15E-06 1.79E-04 1.72E-08
MG/KG Manganese D 1.40E-01 5.60E-03 1.43E-05 7.84E+02 4.00E-02 0.001 1.00E-02 7.16E-02 7.11E-05 1.27E-02 5.70E-07 3.99E-02
MG/KG Mercury D 3.00E-04 3.00E-08 8.57E-05 2.23E-01 1.00E-04  0.001 2.85E-06 9.51E-03 2.02E-08 6.74E-01 1.62E-10 1.89E-06
MG/KG Nickel 2.00E-02 5.40E-03 1.78E+01 2.70E-01  0.001 2.28E-04 1.14E-02 1.62E-06 2.99E-04 1.30E-08
MG/KG Aroclor-1254 B2 2.00E-05 1.80E-05 1.90E-02 9.00E-01 0.06 2.43E-07 1.21E-02 1.03E-07 5.74E-03 1.38E-11
MG/KG 4,4'-DDD B2 1.70E-03 7.00E-01 0.03 2.17E-08 4.62E-09 1.23E-12
MG/KG 2-Butanone D 6.00E-01 4.80E-01 2.86E-01 8.00E-03 8.00E-01 0.01 1.02E-07 1.70E-07 7.25E-09 1.51E-08 5.81E-12 2.03E-11
MG/KG Acetone D 1.00E-01 8.30E-02 9.50E+00 8.30E-01 0.01 1.21E-04 1.21E-03 8.61E-06 1.04E-04 6.90E-09

Hazard Index 1.62E-01 7.08E-01 4.07E-02
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI=  9.11E-01

DFB/15076.xIs

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index
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Subsurface Soil - Hypothetical Future On-Site Residential (Child) Scenario
MSFC-045/046 OU-9 Record of Decision

Ingestion:
CDI= Cs*IR*FI*ET*EF*ED*CF
BW * AT
Noncarcinogenic
Cs = Concentration in soil (mg/kg) RME
IR= Ingestion Rate (mg/day) 200 a
H= Fraction Ingested (unitless) 100%
ET = Exposure Time (4hours/24-hour day) 10 b
EF = Exposure Frequency (day/year) 350 a
ED= Exposure Duration (year) 6 a
CF= Conversion Factor (kg/mg) 1.00E-06
BW = Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
Dermal
CDI= Cs*SA*AF*ABS*ET*EF*ED*CF
BW * AT
Cs= Concentration in soil (mg/kg) RME
SA=  Surface Area (cm?) 1418 ¢
AF= Soil-Skin Adherence Factor (mg/cm?) le
ABS = Absorption Factor (unitless) (Chemical-Specific) f
ET = Exposure Time (4 hours per 24-hour day) 0.167 b
EF= Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
CF= Conversion Factor (kg/mg) 1.00E-06
BW =  Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
Inhalation:
CDI= Cs*(1/PER)*IR*ET*EF*ED
BW * AT

Cs = Concentration in soil (mg/kg) RME
PEF= Particulate Emission Factor (m3kg) 1.32E+09 d
IR= Inhalation Rate (m®/day) 15 a

= Exposure Time (4 hours per 24-hour day) 0.167 b
EF= Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
BW = Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
References:

a =U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure
Factors,” OSWER Directive 9285.6-03, March 25,1991.

b = Times spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity per NASA 1997 workplan.

¢ = Surface area of hands, 1/2 arms and feet of a child for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.

d = Particulate emission factor (PEF), adapted from U.S. EPA, Soil Screening Guidance: Technical
Background Document, May 1996.

e = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992.

f = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial

Investigation Report (August 1999)

DFB/15076.xIs 01/12/2000 (2:00 PM)



Subsurface Soil - Hypothetical Future On-Site Residential (Child) Non-carcinogenic Scenario
MSFC-045/046 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG Barium 7.00E-02 4.90E-03 1.43E-04 1.62E+02 7.00E-02  0.001 2.22E-04 3E-03 1.09E-06 2E-04 5.62E-09 4E-05
MG/KG Cadmium Bl 1.00E-03 1.00E-05 1.07E+00 1.00E-02 0.001 1.47E-06 1E-03 7.21E-09 7TE-04 3.72E-11
MG/KG Chromium A 1.00E+00 2.00E-02 4.29E+02 2.00E-02 0.001 5.87E-04 6E-04 2.88E-06 1E-04 1.49E-08
MG/KG Copper D 4.00E-02 1.20E-02 2.37E+01 3.00E-01  0.001 3.24E-05 8E-04 1.59E-07 1E-05 8.20E-10
MG/KG Manganese D 1.40E-01 5.60E-03 1.43E-05 7.84E-02 4.00E-02 0.001 1.07E-03 8E-03 5.27E-06 9E-04 2.72E-08 2E-03
MG/KG Mercury D 3.00E-04 3.00E-08 8.57E-05 2.23E-041 1.00E-04 0.001  3.06E-07 1E-03 1.50E-09 5E-02 7.73E-12 9E-08
MG/KG Nickel 2.00E-02 5.40E-03 1.78E+01 2.70E-01 0.001  2.44E-05 1E-03 1.20E-07 2E-05 6.18E-10
MG/KG Aroclor-1254 B2 2.00E-05 1.80E-05 1.90E-02 9.00E-01 0.06 2.60E-08 1E-03 7.66E-09 4E-04 6.59E-13
MG/KG 4,4'-DDD B2 1.70E-03 7.00E-01 0.03 2.33E-09 3.43E-10 5.89E-14
MG/KG  2-Butanone D 6.00E-01 4.80E-01 2.86E-01 8.00E-03 8.00E-01 0.01 1.10E-08 2E-08 5.37E-10 1E-09 2.77E-13 1E-12
MG/KG Acetone D 1.00E-01 8.30E-02 9.50E+00 8.30E-01 0.01 1.30E-05 1E-04 6.83E-07 8E-06 3.29E-10

Hazard Index 2E-02 5E-02 2E-03
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI = 7E-02

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index

DFB/15075.xls 01/12/2000 (1:23 PM)



Appendix A
MSFC-045/046—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Upper |Lower Background Human Health | Exceedance

Station ID |Depth |Depth |Parameter Conc | Q| Units GWP YN
SB09-012 5 7 | Acetone 1.40E+01 |= | MG/KG 8.00E+00 [X Y
SB09-012 5 7 | Acetone 9.50E+00 = [ MG/KG 8.00E+00 [X Y
SB09-012 5 7 | Barium 1.62E+02 [= | MG/KG 6.07E+01 | X 3.20E+01 (X Y
SB09-012 5 7 [Barium 1.57E+02 |= [ MG/KG 6.07E+01 (X 3.20E+01 | X Y
SB09-006 6 7 [Chromium 1.14E+03 |= | MG/KG 1.54E+02 | X 1.00E+01 | X Y
SB09-006 6 7 [Copper 5.84E+01 |= | MG/KG 1.93E+01 | X 4.50E+01 | X Y
SB09-012 5 7 |Manganese 7.84E+02 |= | MG/IKG 4.90E+02 | X 5.00E+00 | X Y
SB09-012 5 7 |Manganese 1.14E+03 |= | MG/KG 4.90E+02 | X 5.00E+00 | X Y
SB09-010 5.5 6 [ Mercury 5.80E-01 |= [ MG/KG 1.93E-01 | X 2.00E-01 | X Y
SB09-006 6 7 [Nickel 2.94E+01 [= | MG/KG 1.78E+01 | X 2.10E01 [X Y
SB09-012 5 7 | 2-Butanone 8.00E-03 |J | MG/KG N/A
SB09-012 5 7(4,4'-DDD 1.70E-03 |= | MG/KG N/A
SB09-012 5 7 (4,4'-DDD 1.60E-03 |= | MG/KG N/A
SB09-012 5 7 [Aroclor-1254 1.90E-02 |J | MG/KG N/A
SB09-012 5 7 [Aroclor-1254 1.10E-02 |J | MG/KG N/A
SB09-006 6 7 [Cadmium 3.70E+00 |= | MG/KG 1.57E+00 | X N/A
SB09-012 5 7 [Potassium 9.50E+02 [J | MG/KG 9.00E+02 X N/A
SB09-012 5 7 [1,1,1-Trichloroethane 8.00E-03 |J | MG/KG 9.00E-01 N
SB09-012 5 7 (4,4'-DDE 2.20E-03 |= | MG/KG 5.50E+00 N
SB09-012 5 7 (4,4'-DDE 2.60E-03 |= | MG/KG 5.50E+00 N
SB09-012 5 7 [Aluminum 2.58E+04 [= | MG/KG 3.33E+04 N
SB09-012 5 7 [Aluminum 2.50E+04 [= | MG/KG 3.33E+04 N
SB09-015 4 6 | Arsenic 1.09E+01 |= | MG/KG 1.36E+01 1.50E+01 N
SB09-007 6 6.82 [ Arsenic 6.60E+00 [= | MG/KG 1.36E+01 1.50E+01 N
SB09-008 5 6 [Arsenic 7.10E+00 = | MG/KG 1.36E+01 1.50E+01 N
SB09-008 5 6 [Arsenic 6.50E+00 [= | MG/KG 1.36E+01 1.50E+01 N
SB09-010 55 6 | Arsenic 9.40E+00 |= | MG/KG 1.36E+01 1.50E+01 N
SB09-013 6 6.5 [Arsenic 8.00E+00 |= [ MG/IKG 1.36E+01 1.50E+01 N
SB09-011 6 7 [Arsenic 6.40E+00 (= | MG/KG 1.36E+01 1.50E+01 N
SB09-009 4 6 [Arsenic 7.20E+00 [= | MG/KG 1.36E+01 1.50E+01 N
SB09-006 6 7 [Arsenic 6.70E+00 [= | MG/KG 1.36E+01 1.50E+01 N
SB09-014 6 6.83 [ Arsenic 7.00E+00 = | MG/KG 1.36E+01 1.50E+01 N
SB09-012 5 7 [Arsenic 7.80E+00 [= | MG/KG 1.36E+01 1.50E+01 N
SB09-012 5 7 [Arsenic 5.60E+00 |= | MG/KG 1.36E+01 1.50E+01 N
SB09-015 4 6 [Beryllium 5.90E-01 |J | MG/KG 1.26E+00 1.80E+02 N
SB09-013 6 6.5 | Beryllium 7.60E-01 |J | MG/KG 1.26E+00 1.80E+02 N
SB09-011 6 7 [Beryllium 8.40E-01 |J | MG/KG 1.26E+00 1.80E+02 N
SB09-006 6 7 [Beryllium 6.10E-01 |J | MG/KG 1.26E+00 1.80E+02 N
SB09-014 6 6.83 | Beryllium 8.90E-01 |J | MG/KG 1.26E+00 1.80E+02 N
SB09-012 5 7 [Beryllium 9.40E-01 |J | MG/KG 1.26E+00 1.80E+02 N
SB09-012 5 7 [Beryllium 8.50E-01 |J [ MG/KG 1.26E+00 1.80E+02 N
SB09-015 4 6 [Chromium 5.72E+01 |= | MG/KG 1.54E+02 1.00E+01 | X N
SB09-007 6 6.82 | Chromium 3.06E+01 [J | MG/KG 1.54E+02 1.00E+01 | X N
SB09-008 5 6 [Chromium 3.55E+01 |J | MG/KG 1.54E+02 1.00E+01 | X N

DFB/15091.xls Print Date: 12/10/1999 11:53 AM



Appendix A

MSFC-045/046—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Upper |Lower Background Human Health | Exceedance

Station ID | Depth |Depth |Parameter Conc | Q | Units GWP YN
SB09-009 5 6 [Chromium 3.67E+01|J | MG/KG 1.54E+02 1.00E+01 | X N
SB09-010 55 6 | Chromium 3.25E+01(J | MG/KG 1.54E+02 1.00E+01 | X N
SB09-013 6 6.5 [Chromium 2.45E+01 | = | MG/IKG 1.54E+02 1.00E+01 | X N
SB09-011 6 7 [Chromium 2.53E+01| = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-009 4 6 [Chromium 3.35E+01|J | MG/KG 1.54E+02 1.00E+01 | X N
SB09-014 6| 6.83|Chromium 2.26E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-012 5 7 | Chromium 3.80E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-012 5 7 [Chromium 4.02E+01 | = | MG/KG 1.54E+02 1.00E+01 (X N
SB09-012 5 7 [Cobalt 1.57E+01 | = | MG/KG 9.06E+00 [ X 2.19E+02 N
SB09-012 5 7 [Cobalt 1.31E+01 | = | MG/KG 9.06E+00 [ X 2.19E+02 N
SB09-015 4 6 | Copper 1.44E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-007 6| 6.82|Copper 1.29E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-008 5 6 [Copper 9.40E+00 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-008 5 6 [Copper 1.11E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-010 5.5 6 | Copper 1.18E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-013 6 6.5 | Copper 7.90E+00 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-011 6 7 [Copper 8.90E00 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-009 4 6 [Copper 1.19E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-014 6| 6.83|Copper 1.03E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-012 5 7 |Copper 1.44E+01 | = | MG/IKG 1.93E+01 4.50E+01 N
SB09-012 5 7 [Copper 1.33E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-006 6 7 [Cyanide 9.70E-01|J [ MG/KG 4.00E+01 N
SB09-012 5 7 | Di-n-butylphthalate 7.80E-02|J | MG/KG 1.20E+02 N
SB09-012 5 7 | Di-n-butylphthalate 1.00E-01|J | MG/KG 1.20E+02 N
SB09-012 5 7 [Iron 2.58E+04 | = | MG/KG 6.86E+04 N
SB09-012 5 7 [Iron 2.57E+04 | = | MG/KG 6.86E+04 N
SB09-015 4 6 [Lead 1.64E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
SB09-007 6| 6.82]|Lead 2.20E+01|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-008 5 6 [Lead 5.90E+00|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-008 5 6 [Lead 2.05E+01|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-010 5.5 6 [Lead 770E+00|J | MG/IKG 2.63E+01 1.50E+00 | X N
SB09-013 6 6.5 |Lead 1.94E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
SB09-011 6 7 [Lead 2.03E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
SB09-009 4 6 [Lead 5.20E+00|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-006 6 7 [Lead 1.13E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
SB09-014 6| 6.83|Lead 1.06E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
SB09-012 5 7 [Lead 1.48E+01|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-012 5 7 [Lead 2.15E+01|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-012 5 7 [Magnesium 6.92E+02 | J | MG/KG 7.45E+02 N
SB09-012 5 7 [Magnesium 6.80E+02 | J | MG/KG 7.45E+02 N
SB09-012 5 7 | Methylene chloride 8.00E-03|J | MG/KG 1.00E-02 N
SB09-015 4 6 [ Nickel 1.36E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-007 6| 6.82|Nickel 1.50E+01 MG/KG 1.78E+01 2.10E+01 N
SB09-008 5 6 | Nickel 1.05E+01 | = | MG/KG 1.78E+01 2.10E+01 N
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Appendix A

MSFC-045/046—Subsurface Soil
QU-9 Record of Decision

Comparison Criteria Final
Upper |Lower Background Human Health | Exceedance

Station ID [ Depth [Depth |Parameter Conc Units GWP Y/N
SB09-008 5 6 |Nickel 1.21E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-010 55 6 [Nickel 1.43E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-013 6 6.5 [Nickel 8.30E+00|J | MG/KG 1.78E+01 2.10E+01 N
SB09-011 6 7 |Nickel 9.50E+00|J | MG/KG 1.78E+01 2.10E+01 N
SB09-009 4 6 |Nickel 1.32E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-014 6 6.83 |Nickel 9.60E+00|J | MG/KG 1.78E+01 2.10E+01 N
SB09-012 5 7 |Nickel 1.60E+01 [ = | MG/KG 1.78E+01 2.10E+01 N
SB09-012 5 7 |Nickel 1.44E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-012 5 7 |Potassium 8.21E+02|J | MG/KG 9.00E+02 N
SB09-012 5 7 [Vanadium 6.30E+01 [ = | MG/KG 1.72E+02 N
SB09-012 5 7 [Vanadium 6.14E+01| = | MG/KG 1.72E+02 N
SB09-015 4 6 |Zinc 6.84E+01(J | MG/KG 1.17E+02 4.20E+04 N
SB09-007 6 6.82 (Zinc 5.93E+01(J | MG/KG 1.17E+02 4.20E+04 N
SB09-008 5 6 |Zinc 4.33E+01|J | MG/KG 1.17E+02 4.20E+04 N
SB09-008 5 6 (Zinc 5.44E+01|J MG/KG 1.17E+02 4.20E+04 N
SB09-010 55 6 |Zinc 5.46E+01(J | MG/KG 1.17E+02 4.20E+04 N
SB09-013 6 6.5 |Zinc 3.37E+01|J | MG/KG 1.17E+02 4.20E+04 N
SB09-011 6 7 |Zinc 3.78E+01|J | MG/KG 1.17E+02 4.20E+04 N
SB09-009 4 6 (Zinc 5.20E+01|J | MG/KG 1.17E+02 4.20E+04 N
SB09-006 6 7 |Zinc 5.84E+01|J | MG/KG 1.17E+02 4.20E+04 N
SB09-014 6 6.83 |Zinc 4.05E+01|J | MG/KG 1.17E+02 4.20E+04 N
SB09-012 5 7 |Zinc 6.58E+01|J | MG/KG 1.17E+02 4.20E+04
SB09-012 5 7 |Zinc 6.15E+01[J | MG/KG 1.17E+02 4.20E+04 2




MSFC-047 Residential Risk
Assessment Calculations for Surface Soil




Surface Soil - Hypothetical Future On-Site Residential (Adult) Scenario
MSFC-047 OU-9 Record of Decision

Carcinogenic Noncarcinogenic
Ingestion:
Age-specific intake (for carcinogenic compounds only): Intake for non-carcinogenic compounds:
CDlaj=Cs * IR * FI*ET * EF * ED * CF CDI=Cs*IR*FI*ET*EF *ED * CF
AT BW * AT
Cs = Concentration in soil (mg/kg) RME RME
IR= Ingestion Rate (mg/day) N/A 100 a
ITag = Age-Specific Ingestion Rate (mg - year)(kg - day) 11429 ¢ N/A
Fl = Fraction Ingested (unitless) 100% 100%
ET= Exposure Time (hours/day) 1,000 b 1,000 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 30 a
CF = Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a
Dermal:
Age-specific intake (for carcinogenic compounds only):
CDlag=Cs * IR * FI*ET *EF *ED * CF CDI=Cs*IR*FI*ET *EF *ED * CF
AT BW * AT
Cs = Concentration in soil (mg/kg) RME RME
Sa = Surface Area (cm?) N/A 2936 d
Sa.j = Age-Specific Surface Area (cm?) 1574 e N/A
AF = Soil-Skin Adherence Factor (mg/cm?) 1 f 1f
ABS = Absorption Factor (unitless) (Chemical Specific) g (Chemical Specific) g
ET = Exposure time (24 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (day/year) N/A 30 a
CF = Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a
Inhalation:
Age-specific intake (for carcinogenic compounds only):
CDlyg = Cs * (1/PEF) * Irinh adj * ET * EF CDI=Cs * (1/PER) *IR*ET *EF * ED
AT BW * AT
CS = Concentration in soil (mg/kg) RME RME
PEF = Particulate Emission Factor (m®kg) 1.32E+09 h 1.32E+09 h
IR_Inh = Inhalation Rate (m3/day) N/A 20 a
IR_Inh_adj Age-Specific Inhalation Rate (m®day) 12.86 i N/A
ET = Exposure Time (4 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 30 a
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a
References:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure
Factors,” OSWER Directive 9285.6-03, March 25, 991.
b = Times spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity per NASA 1997 workplan.
¢ = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure.
IRadj = IRc x EDc + IRa x (EDa - EDc) = 200 x 6 + 100 x (30-6)
BWc BWa 15 70
= 114.29 (mg-year)(kg-day)
d = Surface area of hands, 1/2 arms and feet of an adult for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.
e = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.
SAadj = SAc x EDc + SAa x (EDa - EDc) = 1418 x 6 + 2936 x (30-6)
BWc BWa 15 70
= 114.29 (mg-year)(kg-day)
f = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992.
g = Chemical=specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial Investigation Report
(August 1999)
h = Particulate emission factor (PEF), adapted from U.S. EPA Soil Screening Guidance: Technical Background
Document, May 1996.
i = Age-adjusted inhalation rate for adults, adjusted for body weight and time for carcinogenic exposure.
IR Inh adj=IR Inhc x Edc + IR Inha x (Eda - EDc) = 15x6 + 20 x (30-6)

BWc BWa 15 70
= 12.86 (m3-year) (kg-day)
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Surface Soil - Hypothetical Future On-Site Residential (Adult) Carcinogenic Scenario
MSFC-047 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE SFo SFd Sfi RME DE ABS CDlyy ELCR CDlyg ELCR CDlyg ELCR
MK/KG Chromium A 6.09E+01 2.00E-02 0.001 9.54E-05 2.19E-05 1.36E-09
MG/KG Nickel 1.59E+01 2.70E-01 0.001 2.49E-05 5.72E-08 3.54E-10
MG/KG Aroclor-1254 B2 2.00E+00 2.22E+00 2.00E+00 5.40E-02 9.00E-01 0.06 8.45E-08 2E-07 1.17E-8 3E-08 1.20E-12 2E-12
MG/KG Aroclor-1260 B2 2.00E+00 2.22E+00 2.00E+00 4.00E-02 9.00E-01 0.06 6.26E-08 1E-07 8.64E-09 2E-08 8.91E-13 2E-12

Total Risk 3E-07 5E-08 4E-12
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk = 3E-07

DFB/15077 xIs

Maximum Exposure Concentration; ELCR = Excess Lifetime Cancer Risk
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Surface Soil - Hypothetical Future On-Site Residential (Adult) Carcinogenic Scenario
MSFC-047 OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MK/KG Chromium A 1.00E+00 2.00E-02 6.09E+01 2.00E-02 0.001 8.34E-05 8E-05 4.09E-07 2E-05 2.11E-09
MG/KG Nickel 2.00E-02 5.40E-03 1.59E+01 2.70E+01 0.001 2.18E-05 1E-03 1.07E-07 2E-05 5.51E-10
MG/KG Aroclor-1254 B2 2.00E-05 1.80E-05 5.40E-02 9.00E-01 0.006 7.40E-08 4E-03 2.18E-08 1E-03 1.87E-12
MG/KG Aroclor-1260 B2 4.00E-02 9.00E-01 0.06 5.48E-08 1.61E-08 1.39E-12
Hazard Index 5E-03 1E-03
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Total HI= 6E-03
Reasonable Maximum Exposure Concentration; ELCR = Excess
Lifetime Cancer Risk
DFB/15077.xls
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Surface Soil - Hypothetical Future On-Site Residential (Adult) Scenario
MSFC-047 OU-9 Record of Decision

Ingestion:
CDI= Cs*IR*FI*ET*EF*ED*CF
BW * AT

Cs= Concentration in soil (mg/kg)
IR= Ingestion Rate (mg/day)
H= Fraction Ingested (unitless)

= Exposure Time (4 hours per 24-hour day)
EF= Exposure Frequency (day/year)
ED= Exposure Duration (year)
CF= Conversion Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:

CDI= Cs*SA*AF*ABS*ET*EF*ED*CF
BW * AT

Cs = Concentration in soil (mg/kg)

SA=  Surface Area (cm?)

AF= Soil-Skin Adherence Factor (mg/cm?)

ABS = Absorption Factor (unitless)

ET = Exposure Time (4 hours per 24-hour day)

EF= Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF= Conversion Factor (kg/mg)

BW =  Body Weight (kg)
AT = Averaging Time (days)

Inhalation:
CDI= Cs*(1/PER)*IR*ET*EF*ED
BW * AT

Cs = Concentration in soil (mg/kg)
PEF= Particulate Emission Factor (m?3/kg)
IR = Inhalation Rate (m®/day)

= Exposure Time (4 hours per 24-hour day)
EF= Exposure Frequency (day/year)
ED = Exposure Duration (year)

BW =  Body Weight (kg)
AT = Averaging Time (days)

References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: ?Standard Default Exposure

Factors,” OSWER Directive 9285.6-03, March 25,1991.

b = Times spent outdoors in the contaminated areas using best professional judgement, based on the

nature of the activity per NASA 1997 workplan.

Noncarcinogenic

RME
200

100%
1.000

350
6

1.00E-06
15

2190

RME
1418
1

(Chemical-Specific)

0.167
350

6
1.00E-06

15
2190

RME
1.32E+09
15

0.167
350

6
15

2190

¢ = Surface area of hands, 1/2 arms and feet of a child for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.
d = Particulate emission factor (PEF), adapted from U.S. EPA, Soil Screening Guidance: Technical

Background Document, May 1996.

e = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992.

f = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial

Investigation Report (August 1999)

DFB/15091.xIs
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D
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Surface Soil - Hypothetical Future On-Site Residential (Adult) Carcinogenic Scenario
MSFC-047 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MK/KG Chromium A 1.00E+00 2.00E-02 6.09E+01 2.00E-02 0.001 7.79E-04 8E-04 9.22E-07 5E-05 7.39E-09

MG/KG Nickel 2.00E-02 5.40E-03 1.59E+01 2.70E-01 0.001 2.03E-04 1E-02 2.41E-07 4E-05 1.93E-09

MG/KG Aroclor-1254 B2 2.00E-05 1.80E-05 5.40E-02 9.00E-01 0.06 6.90E-07 3E-02 4.90E-08 3E-03 6.55E-12

MG/KG Aroclor-1260 B2 4.00E-02 9.00E-01 0.06 5.11E-07 3.63E-08 4.85E-12

Hazard Index 5E-02 3E-03
Total HI= 5E-02

Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME =

DFB/15091.xIs

Reasonable Maximum Exposure Concentration; HQ = Hazard

Quotient; HI = Hazard Index

01/12/200 (2:19 PM)



Appendix A
MSFC-047—Surface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Background Human Health Exceedance

Station 1D Parameter Conc | Q |Units RBC GWP YN
SB09-026  |Aroclor-1254 5.40E-02| = IMG/KG 1.23E-02|X Y
SB09-026  |Aroclor-1260 4.00E-02| = IMG/KG 1.23E-02|X Y
SB09-026  |Chromium 1.00E+02| = [MG/KG | 6.11E+01|X 2.47E+02 1.00E+01|X Y
SB09-030  |Nickel 2.12E+01| = [MG/KG | 1.72E+01|X 3.47E+03 2.10E+01|X Y
SB09-026  |Nickel 2.11E+01| = [MG/KG | 1.72E+01|X 3.47E+03 2.10E+01|X Y
SB09-026  |Aluminum 2.12E+04| = [MG/KG | 3.07E+04 N
SB09-022  |Antimony 2.90E+00|J IMG/KG | 4.72E+00 6.85E+00 N
SB09-030 |Arsenic 6.50E+00| = [MG/KG | 1.90E+01 2.31E-01YX 1.50E+01 N
SB09-029  |Arsenic 7.40E+00|J [MG/KG | 1.09E+01 2.31E-01YX 1.50E+01|X N
SB09-028  |Arsenic 7.40E+00|J IMG/KG | 1.09E+01 2.31E-01YX 1.50E+01 N
SB09-027  |Arsenic 7.30E+00|J IMG/KG | 1.09E+01 2.31E-01)X 1.50E+01 N
SB09-027  |Arsenic 6.60E+00|J [MG/KG | 1.09E+01 2.31E-01YX 1.50E+01 N
SB09-025  |Arsenic 7.70E+00|J [MG/KG | 1.09E+01 2.31E-01YX 1.50E+01 N
SB09-024  |Arsenic 7.00E+00|J IMG/KG | 1.09E+01 2.31E-01YX 1.50E+01 N
SB09-023  |Arsenic 5.70E+00|J IMG/KG | 1.09E+01 2.31E-01)X 1.50E+01 N
SB09-022  |Arsenic 6.70E+00|J [MG/KG | 1.09E+01 2.31E-01YX 1.50E+01 N
SB09-026  |Arsenic 6.50E+00| = [MG/KG | 1.09E+01 2.31E-01YX 1.50E+01 N
SB09-021  |Arsenic 6.60E+00|J IMG/KG | 1.09E+01 2.31E-01YX 1.50E+01 N
SB09-026  |Barium 9.41E+01| = [MG/KG | 2.11E+02 3.20E+01(X N
SB09-026  |Beryllium 4.60E-01|J |[MG/KG | 1.20E+00 9.47E-02X 1.80E+02 N
SB09-026 |Cadmium 9.20E-01|J |IMG/KG 1.74E+02 N
SB09-030 |Chromium 3.27E+01|J [MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-029  |Chromium 5.95E+01| = [MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-028  |Chromium 3.84E+01| = [MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-027  |Chromium 3.20E+01| = [MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-027  |Chromium 3.16E+01| = [MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-025  |Chromium 3.22E+01| = [MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-024  |Chromium 5.99E+01| = [MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-023  |Chromium 4.12E+01| = |[MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-022  |Chromium 3.96E+01| = [MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-021  |Chromium 4.08E+01| = |MG/KG | 6.11E+01 2.47E+02 1.00E+01|X N
SB09-026 |Cobalt 8.70E+00|J IMG/KG | 1.91E+01 1.05E+03 2.19E+02 N
SB09-030 |Copper 1.32E+01| = IMG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-029 |Copper 1.36E+01| = IMG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-028  |Copper 1.56E+01| = IMG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-027  |Copper 1.02E+01| = IMG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-027 |Copper 1.09E+01| = IMG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-025 |Copper 9.10E+00| = [MG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-024  |Copper 1.30E+01| = IMG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-023 Copper 1.07E+01| = [MG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-022  |Copper 9.60E+00| = [MG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-026 |Copper 1.43E+01| = IMG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-021  |Copper 1.03E+01| = IMG/KG | 1.62E+01 6.42E+03 4.50E+01 N
SB09-030 |Cyanide 3.30E-01| = |MG/KG | 3.10E-01{X 3.47E+03 4.00E+01 N
SB09-027 |Cyanide 1.20E+00|J [MG/KG | 3.10E-01|X 3.47E+03 4.00E+01 N

DFB/15091.xls Print Date: 12/10/1999 11:55 AM



Appendix A
MSFC-047—Surface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Background Human Health Exceedance

Station ID [Parameter Conc Q |Units RBC GWP YN
SB09-026 |Di-n-butylphthala
SB09-026 |lron 3.13E+04| = MG/KG 3.93E+04 N
SB09-030 |Lead 4.20E+00(|J [MG/KG 4.06E+01 4.00E+02 1.50E+00|X N
SB09-029 |Lead 1.90E+01|J |MG/KG 4.06E+01 4.00E+02 1.50E+00|X N
SB09-028 |Lead 2.24E+01|J IMG/KG 4.06E+01 4.00E+02 1.50E+00]X N
SB09-027 |Lead 5.50E+00|J [MG/KG 4.06E+01 4.00E+02 1.50E+00|X N
SB09-027 (Lead 2.10E+01|J [MG/KG 4.06E+01 4.00E+02 1.50E+00|X N
SB09-025 |Lead 2.01E+01|J MG/KG 4.06E+01 4.00E+02 1.50E+00|X N
SB09-024 |Lead 2.07E+01|J IMG/KG 4.06E+01 4.00E+02 1.50E+00]X N
SB09-023 |Lead 1.72E+01|J [MG/KG 4.06E+01 4.00E+02 1.50E+00|X N
SB09-022 (Lead 2.31E+01|J [MG/KG 4.06E+01 4.00E+02 1.50E+00|X N
SB09-026 |Lead 1.89E+01|J |MG/KG 4.06E+01 4.00E+02 1.50E+00|X N
SB09-021 |Lead 2.31E+01|J [MG/KG 4.06E+01 4.00E+02 1.50E+00]X N
SB09-026 [Magnesium 5.37E+02|J [IMG/KG 9.96E+02 N
SB09-026 |Maganese 1.05E+03| = [MG/KG 2.30E+03 1.49E+02] M 5.00E+00}X N
SB09-025 |Mercury 1.80E-01| = [MG/KG 1.56E-01(X [5.21E+01 2.00E-01 N
SB09-024 |Mercury 1.30E-01| = [MG/KG 1.56E-01 5.21E+01 2.00E-01 N
SB09-021 |Mercury 1.10E-01| = [MG/KG 1.56E-01 5.21E-01 2.00E-01 N
SB09-029 [Nickel 8.70E+00|J [MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-028 ([Nickel 1.32E+01| = [MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-027 |Nickel 1.06E+01| = [MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-027 |Nickel 1.16E+01| = [MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-025 [Nickel 8.80E+00|J [MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-024 [Nickel 1.27E+01| = [MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-023 |Nickel 1.16E+01| = [MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-022 |Nickel 8.40E+00|J [MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-021 [Nickel 1.01E+01| = [MG/KG 1.72E+01 3.47E+03 2.10E+01 N
SB09-026 |Potassium 6.50E+02|J [MG/KG 1.21E+03 N
SB09-027 |Selenium 4.40E-01|J [MG/KG 8.72E+01 3.00E+00 N
SB09-025 |Selenium 6.00E-01|J [MG/KG 8.72E+01 3.00E+00 N
SB09-024 |Selenium 3.50E-01|J [MG/KG 8.72E+01 3.00E+00 N
SB09-023 [Selenium 3.50E-01|J [MG/KG 8.72E+01 3.00E+00 N
SB09-030 |Silver 1.00E+00|J |MG/KG 8.68E+02 1.83E+01 N
SB09-026 |Vanadium 7.39E+01| = [MG/KG 8.85E+01 1.22E+02 N
SB09-030 |Zinc 6.73E+01|J [MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-029 |Zinc 4.24E+01|J [MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-028 |Zinc 5.06E+01|J [MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-027 |Zinc 4.81E+01|J [MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-027 |Zinc 5.32E+01| J MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-025 |Zinc 3.89E+01|J MGI/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-024 |Zinc 3.92E+01|J MGI/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-023 |Zinc 4.18E+01|J MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-022 |Zinc 3.95E+01|J MG/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-026 |zinc 5.39E+01|J MGI/KG 8.62E+01 5.21E+04 4.20E+04 N
SB09-021 |Zinc 3.89E+01|J MGI/KG 8.62E+01 5.21E+04 4.20E+04 N
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MSFC-047 Residential Risk Assessment
Calculations for Subsurface Soil




Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Scenario

MSFC-047 OU-9 Record of Decision

Ingestion:

CDI =

Cs*IR*FI*ET*EF*ED*CF
BW * AT

Cs = Concentration in soil (mg/kg)
IR= Ingestion Rate (mg/day)
Fl = Fraction Ingested (unitless)
ET = Exposure Time (4 hours per 24-hour day)
BEF= Exposure Frequency (day/year)
ED= Exposure Duration (year)
CF= Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)
Dermal:
CDI = Cs*SA*AF*ABS*ET*EF*ED*CF
BW * AT
Cs = Concentration in soil (mg/kg)
SA = Surface Area (cn?)
AF = Soil-Skin Adherence Factor (mg/cn¥)
ABS =  Absorption Factor (unitless)
ET = Exposure Time (4 hours per 24-hour day)
EF= Exposure Frequency (day/year)
ED= Exposure Duration (year)
CF= Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)
Inhalation:
CDI = Cs*(1/PER)*IR*ET *EF *ED
BW * AT
Cs = Concentration in soil (mg/kg)
PEF =  Particulate Emission Factor (n¥/kg)
IR= Inhalation Rate (n¥#/day)
ET Exposure Time (4 hours per 24-hour day)
EF= Exposure Frequency (day/year)
ED= Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)
References:

Noncarcinogenic

RME
200

100%
1.000
350

6
1.00E-06
15

2190

RME

1418

1
(Chemical-Specific)
0.167

350

6

1.00E-06

15

2190

RME
1.32E+09
15
0.167
350
6
15 a

QT DO

o}]

LT O Q

2190 a

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: ?Standard Default Exposure

Factors,” OSWER Directive 9285.6-03, March 25,1991.

b = Times spent outdoors in the contaminated areas using best professional judgement, based on the

nature of the activity per NASA 1997 workplan.

¢ = Surface area of hands, 1/2 arms and feet of a child for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.

d = Particulate emission factor (PEF), adapted from U.S. EPA, Soil Screening Guidance: Technical

e = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992.

Background Document, May 1996.

f = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial

DFB/15080.xls

Investigation Report (August 1999)
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Scenario
MSFC-047 OU-9 Record of Decision

Ingestion:
Age-specific intake (for carcinogenic compounds only):
CDlagj =Cs * IR *FI*ET*EF*ED * CF

AT
Cs= Concentration in soil (mg/kg)
IR = Ingestion Rate (mg/day)
IFag = Age-Specific Ingestion Rate (mg - year)(kg - day)
Fl= Fraction Ingested (unitless)
ET = Exposure Time (hours/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF= Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)
Dermal:

Age-specific intake (for carcinogenic compounds only):
CDlagj =Cs * IR *FI*ET*EF*ED * CF

AT
Cs= Concentration in soil (mg/kg)
Sa= Surface Area (cn¥)
Saggj = Age-Specific Surface Area (cn?)
AF = Soil-Skin Adherence Factor (mg/cn?)
ABS = Absorption Factor (unitless)
ET= Exposure time (24 hours per 24-hour day)
EF= Exposure Frequency (day/year)
ED= Exposure Duration (day/year)
CF= Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)
Inhalation:

Age-specific intake (for carcinogenic compounds only):
CDl,g = Cs * (1/PEF) * Irinh adj * ET * EF

AT
CS= Concentration in soil (mg/kg)
PEF = Particulate Emission Factor (m#/kg)
1.32E+09 h
IR_Inh = Inhalation Rate (n¥/day)
IR_Inh_adj Age-Specific Inhalation Rate (n*/day)
ET= Exposure Time (4 hours per 24-hour day)
EF= Exposure Frequency (day/year)
ED= Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)
References:

a=U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure
Factors,” OSWER Directive 9285.6-03, March 25, 991.

b = Times spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity per NASA 1997 workplan.

¢ = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure.

IRadj = IRc x EDc + IRa x (EDa - EDc)
BWc BWa

= 114.29 (mg-year)(kg-day)
d = Surface area of hands, 1/2 arms and feet of an adult for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.

e = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.

SAadj = SAc X EDc + SAax (EDa - EDc)
BwWc BWa
114.29 (mg-year)(kg-day)

f=U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992.

Carcinogenic Noncarcinogenic

Intake for non-carcinogenic compounds:
CDI=Cs*IR*FI*ET*EF*ED*CF

g = Chemical=specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial Investigation Report

(August 1999)

h = Particulate emission factor (PEF), adapted from U.S. EPA Soil Screening Guidance: Technical Background

Document, May 1996.
i = Age-adjusted inhalation rate for adults, adjusted for body weight and time for carcinogenic exposure.

IR Inh adj=IR Inhc x Edc + IR _Inha x (Eda - EDc)
Bwc BWa
= 12.86 (m3-year) (kg-day)

DFB/15075.xIs

BW* AT
RME RME
N/A 100 a
11429 ¢ N/A
100% 100%
1000 b 1000 b
350 a 350 a
N/A 30 a
1.00E-06 1,00E-06
N/A 70 a
25550 a 10950 a
CDI=Cs*IR*FI*ET*EF*ED*CF
BW * AT
RME RME
N/A 2936 d
1574 e N/A
1 f 1 f
(Chemical Specific) g (Chemical Specific) g
0167 b 0167 b
350 a 350 a
N/A 30 a
1.00E-06 1.00E-06
N/A 70 a
25550 a 10950 a
CDI =Cs *(1/PEF) * IR*ET *EF * ED
BW * AT
RME RME
132E+09 h
N/A 20 a
1286 i N/A
0167 b 0167 b
350 a 350 a
N/A 30 a
N/A 70 a
25550 a 10950 a
200x6 + 100 x (30-6)
15 70
1418x6 + 2936 x (30-6)
15 70
15x6 + 20 x (30-6
15 70
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Carcinogenic Scenario
MSFC-047 OU-9 Record of Decision

Ingestion Dermal Inhalation

Units Chemical WOE SFo SFd Sfi RME DE ABS CDl g ELCR CDl o ELCR CDl 5 ELCR
MG/KG Barium 1.80E+02 7.00E- 0.001 2.82E-04 6.48E-07 4.10E-09

02
MG/KG Manganese D 1.87E+03 4.00E- 0.001 2.93E-03 6.73E-06 4.17E-08

02
MG/KG 4,4-DDD B2 2.40E-01 3.43E-01 1.50E-03 7.00E- 0.03 2.35E-09 6E-10 1.62E-10 6E-11 3.34E-14

01

Total Risk 6E-10 6E-11

Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk = 6E-10

DFB/15075.xIs

Maximum Exposure Concentration; ELCR = Excess Lifetime Cancer Risk
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Appendix A

MSFC-047—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Exceedance
Upper | Lower Background Human Health

Station ID [ Depth |Depth [Parameter Conc | Q | Units GWP Y/N
SB09-026 3 4 (Barium 1.80E+02 | = | MG/KG 6.07E+01 | X 3.20E+01 [ X Y
SB09-022 3.5 4 [Chromium 2.74E+02 MG/KG 1.54E+02 | X 1.00E+01 | X Y
SB09-026 3 4 |Manganese 1.8E+03 |= | MG/KG 4.90E+02 | X 5.00E+00 | X Y
SB09-022 35 4 |Nickel 5.19E+01 [ = | MG/KG 1.78E+01 | X 2.10E+01 [ X Y
SB09-026 3 4 |(4,4'=DDD 1.50E-03 |J | MG/KG N/A
SB09-022 3.5 4 [Cadmium 6.80E+00 [ = | MG/KG 1.57E+00 | X N/A
SB09-026 3 4 |4,4'-DDE 2.40E-03 | = | MG/KG 5.50E+00 N
SB09-026 3 4 [Aluminum 1.78E+04 | = | MG/KG 3.33E+04 N
SB09-030 15 2 |Arsenic 5.80E+00 |J | MG/KG 1.36E+01 1.50E+01 N
SB09-029 25 3 [Arsenic 6.00E+00 |J [ MG/KG 1.36E+01 1.50E+01 N
SB09-028 25 3 [Arsenic 4.60E+00 |J | MG/KG 1.36E+01 1.50E+01 N
SB09-027 3 3.5 |Arsenic 6.80E+00 |J [ MG/KG 1.36E+01 1.50E+01 N
SB09-025 35 4 |Arsenic 5.40E+00 [J | MG/KG 1.36E+01 1.50E+01 N
SB09-024 25 4 [Arsenic 6.10E+01 [J [ MG/KG 1.36E+01 1.50E+01 N
SB09-023 35 4 |Arsenic 5.30E+00 |J [ MG/KG 1.36E+01 1.50E+01 N
SB09-026 3 4 [Arsenic 5.40E+00 | = [ MG/KG 1.36E+01 1.50E+01 N
SB09-021 4 4.5 |Arsenic 6.00E+00 |J [ MG/KG 1.36E+01 1.50E+01 N
SB09-022 35 4 |Arsenic 6.50E+00 |J [ MG/KG 1.36E+01 1.50E+01 N
SB09-022 35 4 [Arsenic 7.80E+00 |J [ MG/KG 1.36E+01 1.50E+01 N
SB09-026 3 4 (Beryllium 9.40E-01 |J | MG/KG 1.26E+00 1.80E+02 N
SB09-030 15 2 |Chromium 2.24E+01 [ = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-029 25 3 [Chromium 2.05E+01 MG/KG 1.54E+02 1.00E+01 | X N
SB09-028 2.5 3 [Chromium 2.26E+01 [ = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-027 3 3.5 |Chromium 2.14E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-025 3.5 4 [Chromium 4.14E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-024 25 4 [Chromium 2.22E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-023 3.5 4 [Chromium 2.54E+01 [= | MG/KG 1.54E+02 1.00E+01 | X N
SB09-026 3 4 [Chromium 2.37E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-021 4 4.5 |Chromium 3.88E+01 MG/KG 1.54E+02 1.00E+01 | X N
SB09-022 35 4 |Chromium 7.07E+01 [ = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-026 3 4 [Cobalt 1.21E+01 |J | MG/KG 9.06E+00 [ X 2.19E+02 N
SB09-030 15 2 |Copper 9.90E+00 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-029 25 3 [Copper 8.90E+00 MG/KG 1.93E+01 4.50E+01 N
SB09-028 25 3 [Copper 9.90E+00 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-027 3 3.5 |Copper 9.30E+00 | = [ MG/KG 1.93E+01 4.50E+01 N
SB09-025 35 4 (Copper 1.90E+01 [= | MG/KG 1.93E+01 4.50E+01 N
SB09-024 25 4 (Copper 1.10E+01 [ = | MG/KG 1.93E+01 4.50E+01 N
SB09-023 35 4 (Copper 1.14E+01 | = | MG/KG 1.93E+10 4.50E+01 N
SB09-026 3 4 (Copper 1.04E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-021 4 4.5 |Copper 9.80E+00 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-022 35 4 (Copper 1.22E+01 MG/KG 1.93E+01 4.50E+01 N
SB09-022 35 4 (Copper 3.77E+01 [ = [ MG/KG 1.93E+01 | X 4.50E+01 N
SB09-022 35 4 (Cyanide 6.10E-01 |J | MG/KG 4.00E+01 N
SB09-022 3.5 4 [Cyanide 7.30E-01 |J | MG/KG 4.00E+01 N
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Appendix A

MSFC-047—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Exceedance
Upper | Lower Background Human Health

Station ID [ Depth |Depth [Parameter Conc | Q | Units GWP Y/N
SB09-026 3 4 |Iron 2.19E+04 [= | MG/KG 6.86E+04 N
SB09-030 1.5 2 |lead 2.11E+01 [J | MG/KG 2.63E+01 1.50E+01 | X N
SB09-029 25 3 |Lead 2.44E+01 |J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-028 2.5 3 |Lead 2.27E+01 [J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-027 3 3.5 |Lead 2.20E+01 |J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-025 3.5 4 |Lead 1.95E+01 [J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-024 25 4 |Lead 3.70E+00 [J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-023 35 4 (Lead 2.39E+01 [J | MG/KKG 2.63E+01 1.50E+00 | X N
SB09-026 3 4 (Lead 2.53E+01 [J | MG/KKG 2.63E+01 1.50E+00 | X N
SB09-021 4 45 |Lead 1.66E+01 |J [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-022 35 4 |Lead 1.74E+01 |J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-022 35 4 |Lead 2.12E+01 |J [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-026 3 4 |Magnesium 5.71E+02 |J | MG/KG 7.45E+02 N
SB09-025 35 4 (Mercury 1.20E-01 | = | MG/KG 1.93E-01 2.00E-01 N
SB09-022 35 4 (Mercury 1.30E-01 MG/KG 1.93E-01 2.00E-01 N
SB09-030 15 2 |Nickel 1.45E+01 | = [ MG/KG 1.78E+01 2.10E+01 N
SB09-029 25 3 [Nickel 1.20E+01 | = [ MG/KG 1.78E+01 2.10E+01 N
SB09-028 25 3 [Nickel 1.26E+01 | = [ MG/KG 1.78E+01 2.10E+01 N
SB09-027 3 3.5 [Nickel 1.12E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-025 35 4 |Nickel 1.52E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-024 2.5 4 |Nickel 1.19E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-023 35 4 [Nickel 1.30E+01 MG/KG 1.78E+01 2.10E+01 N
SB09-026 3 4 [Nickel 1.24E+01 [ = | MG/KG 1.78E+01 2.10E+01 N
SB09-021 4 4.5 |Nickel 8.60E+00 [J | MG/KG 1.78E+01 2.10E+01 N
SB09-022 3.5 4 [Nickel 1.49E+01 | = [ MG/KG 1.78E+01 2.10E+01 N
SB09-026 3 4 |Potassium 5.71E+02 [J | MG/KG 9.00E+02 N
SB09-029 25 3 |Selenium 4.70E-01 |J | MG/KG 3.00E+00 N
SB09-025 35 4 |Selenium 3.60E-01 |J | MG/KG 3.00E+00 N
SB09-024 2.5 4 |Selenium 4.60E-01 |J | MG/KG 3.00E+00 N
SB09-023 35 4 [Selenium 6.10E-01 |J | MG/KG 3.00E+00 N
SB09-026 3 4 [Vanadium 4.79E+01 | = | MG/KG 1.72E+02 N
SB09-030 15 2 |Zinc 5.48E+01 [J | MG/KG 1.17E+02 4.20E+04 N
SB09-029 25 3 (Zinc 4.56E+01 |J | MG/IKG 1.17E+02 4.20E+04 N
SB09-028 25 3 (Zinc 4.76E+01 |J | MG/IKG 1.17E+02 4.20E+-4 N
SB09-027 3 3.5 |Zinc 4.48E+01 |J | MG/IKG 1.17E+02 4.20E+04 N
SB09-025 35 4 |Zinc 4.88E+01 |J | MG/KG 1.17E+02 4.20E+04 N
SB09-024 25 4 |Zinc 4.44E+01 |J | MG/IKG 1.17E+02 4.20E+04 N
SB09-023 35 4 |Zinc 5.41E+01 |J | MG/KG 1.17E+02 4.20E+04 N
SB09-026 3 4 (Zinc 4.64E+01 |J | MG/KG 1.17E+02 4.20E+04 N
SB09-021 4 4.5 |Zinc 3.84E+01 |J [ MG/KG 1.17E+02 4.20E+04 N
SB09-022 35 4 (Zinc 4.52E+01 |J | MG/IKG 1.17E+02 4.20E+04 N
SB09-022 3.5 4 |Zinc 1.15E+02 |J [ MG/KG 1.17E+02 4.20E+04 N
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Appendix A

MSFC-047—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Background Human Health Exceedance

Station ID  [Parameter Conc| Q| Units RBC GWP Y/N
SB09-019  [2-Butanone 1.00E-03(J | MG/IK G 2.89E+02 N
SB09-019  [Acetone 8.00E+00| = 4.07E+02 8.00E+00 N
SB09-019  [Aluminum 1.99E+04| = 3.07E+04 N
SB09-018  [Arsenic 7.10E+00| = 1.09E+01 2.31E-01] X 1.50E+01 N
SB09-020  [Arsenic 7.70E+00| = 1.09E+01 2.31E-01] X 1.50E+01 N
SB09-016  |Arsenic 6.80E+00| = 1.09E+01 2.31E-01] X 1.50E+01 N
SB09-017  |Arsenic 5.50E+00| = 1.09E=01 2.31E-01] X 1.50E+01 N
SB09-019  |Arsenic 6.20E+00| = 1.09E+01 2.31E-01] X| 1.50E+01 N
SB09-019  |barium 1.05E+02]| = 2.11E+02 3.20E+01X N
SB09-019  |Beryllium 5.30E-01(J 1.20E+00 9.47E-02| X| 1.80E+02 N
SB09-018 [Chromium 4.24E+01(J 6.11E+01 2.47E+02 1.00E+01X N
SB09-020  [Chromium 4 53E+01(J 6.11E+01 2.47E+02 1.00E+01X N
SB09-016  [Chromium 4 54E+01(J 6.11E+01 2.47E+02 1.00E+01X N
SB09-017  |Chromium 5.62E+01| J 6.11E+01 2.47E+02 1.00E+01[X N
SB09-019  |Chromium 4.41E+01| = 6.11E+01 2.47E+02 1.00E+01[X N
SB09-019 Cobalt 1.05E+01| J 1.91E+01 1.05E+03 2.19E+02 N
SB09-018 |Copper 1.10E+01]| = 1.62E+01 6.42E+03 4.50E+01 N
SB09-020 [Copper 1.15E+01]| = 1.62E+01 6.42E+03 4.50E+01 N
SB09-016 |Copper 1.12E+01]| = 1.62E+01 6.42E+03 4.50E+01 N
SB09-017 |Copper 1.72E+01]| = 1.62E+01X 6.42E+03 4.50E+01 N
SB09-019 |Copper 1.09E+01]| = 1.62E+01 6.42E+03 4.50E+01 N
SB09-016 |Cyanide 5.60E-01(J 3.10E-01X 3.47E+03 4.00E+01 N
SB09-017  |Cyanide 6.30E-01( J 3.10E-01X 3.47E+03 4.00E+01 N
SB09-019  |Di-n-butylphthalate 4.80E-02| J 4.07E+02 1.20E+02 N
ISB09-019 Iron 3.03E+04| = 3.93E+04 N
ISB09-018 Lead 2.27E+01] J 4.06E+01 4.00E+02 1.50E+00fX N
ISB09-020 Lead 4.30E+00( J 4.06E+01 4.00E+02 1.50E+00X N
ISB09-016 Lead 1.94E+01| J 4.06E+01 4.00E+02 1.50E+00fX N
SB09-017 Lead 4.10E+00( J 4.06E+01 4.00E+02 1.50E+00fX N
ISB09-019 Lead 2.07E+01| J 4.06E+01 4.00E+02 1.50E+00fX N
ISB09-019 Magnesium 5.37E+02( J 9.96E+02 N
SB09-019 Manganese 1.33E+03]| = 2.30E+03 1.49E+02| X 5.00E+00fX N
ISB09-018 Nickel 1.26E+01]| = 1.72E+01 3.47E+03 2.10E+01 N
ISB09-020 Nickel 1.36E+01| = 1.72E+01 3.47E+03 2.10E+01 N
ISB09-016 Nickel 8.50E+01( J 1.72E+01 3.47E+03 2.10E+01 N
ISB09-017 Nickel 191E+01| = 1.72E+01 X 3.47E+03 2.10E+01 N
ISB09-019 Nickel 1.15E+01| = 1.72E+01 3.47E+03 2.10E+01 N
ISB09-019 Potassium 5.22E+02( J 1.21E+03 N
ISB09-020 Silver 8.00E-01( J 8.68E+02 1.83E+01 N
ISB09-016 Silver 4.30E+00( J 8.68E+02 1.83E+01 N
ISB09-017 Silver 4.70E+00J 8.68E+02 1.83E+01 N
ISB09-019 Vanadium 7.12E+01| = 8.85E+01 1.22E+02 N
ISB09-018 Zinc 5.51E+01( J 8.62E+01 5.21E+04 4.20E+04 N
ISB09-020 Zinc 6.01E+01| J 8.62E+01 5.21E+04 4.20E+04 N
ISB09-016 Zinc 3.87E+01| J 8.62E+01 5.21E+04 4.20E+04 N
ISB09-017 Zinc 8.39E+01( J 8.62E+01 5.21E+04 4.20E+04 N
5B09-019 Zinc 8.35E+01{ J MG/KG 8.62E+01 5.21E+04 4.20E+04 N
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MSFC-048 Residential Risk
Assessment Calculations for Subsurface Soil




Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Scenario

MSFC-048 OU-9 Record of Decision

Ingestion:

Carcinogenic = Noncarcinogenic

Age-specitic intake (for carcinogemc compounds only): Intake for non-carcinogenic compounds:
ch.d’ CDI = " . - L -
AT BW* AT
Cs = Concentration in soif (mg/kg) RME RME
IR= {ngestion Rate (mg/day) N/A 100 a
Ragy = Age-Specific Ingestion Rate (mg - year)/(kg - day) 11420 ¢ N/A
Fl= Fraction ingested (unitless) 100% 100%
ET = Exposure Time (hours/day) 1.000 b 1.000 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration {year) N/A 30 a
CF= Conversion Factor (kg/mg) 1.00E-08 1.00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25580 a 10950 a
Dermal:
Age-specific intake (for carcinogenic compounds oniy):
CDl,y= Ga*SAad]*AF*ABS*ET*EF* CF CDI = *SACAF* *ET EF*ED*
AT BW* AT
Cs= Concentration in soil (mg/kg) RME RME
SA= Surface Area (cm?) N/A 2936 d
SA=  Age-Specific Surface Area (cm”) 1574 e N/A
AF = Soil-Skin Adnerence Factor (mg/cm?) ‘ 1f 1t
ABS = Absorption Factor (unitless) {Chemical Specific) g {Chemical Specific) g
ET= Exposure Time (4 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 30 a
CF = Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a
Inhaiation:
Age-specific intake {for carcinogenic compounds only):
CDl,y = Gs.*(U/PEF)*IRioh_adj “ET ' EF CDI = * *IB *ET*EF*
AT BW* AT
Cs= Concentration in soil (mg/kg) RME RME
PEF = Particulate Emtsslon Factor (m’/kg) 1,32E+09 h 1.32E+09 h
IR_inh= Inhalation Rate (m® /day) N/A 20 a
IR_Inh_adj Age-Specific Inhalation Rate (m*/day) 12.86+i N/A
ET = Exposure Time (4 hours per 24-hour day) 0.167 b 0.167 b
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 304
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (davs) 25550 a 10950 a
References:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance; “Standard Defauit Exposure
Factors," OSWER Directive 9285.6-03, March 25, 1991.
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity per NASA 1997 workplan.
c = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure.
IRadj = [Bec x EDg + 1Ba x (EDa - EDc} = 200 x 6 + 100 x (30-6)
BWc BWa 15 70
= 114.29 (mg-year)/(kg-day)
d= Sudace area of hands, 1/2 arms and feet of an adult for exposure to soils, adapted from
CEHT, Technical Report: Soil Cieanup Target Leveis for FDEP, September 2, 1997,
e = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.
SAadj = SAc x EDc + SAa x (EDa - EDc) = 1418 x 6 + 2936 x (30-6)
BWc Bwa 15 ) 70
= 1574 (cmyear)/(kg)

f = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1892,
g = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial Investigation Report

{August 1999)

h Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance: Technical Background

Document, May 1996.

i = Age-adjusted inhalation rate for adults, adjusted for body weight and time for carcinogenic exposure.

IR_Inh_adj= IB_Inhc x EDc  + IR Inha x (FDa-EDc) =
- BWc Bwa

= 12.86 (m*-year)/(kg-day)
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Surface Soil - Hypothetical Future On-Site Residential (Adult) Carcinogenic Scenario
MSFC-048 OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE SFo SFd SFi RME DE ABS CDl,g ELCR CDl,g ELCR CDl,g; ELCR
MG/KG  Barium 1.91E+02 7.00E-02 0.001 2.99E-04 6.88E-07 4.25E-09
MG/KG Manganese D 2.00E+03 4.00E-02 0.001 3.13E-03 7.20E-06 4.46E-08
MG/KG  Chloromethane C 1.30E-02 1.63E-02 6.00E-03 7.00E-03 8.00E-01 0.01 1.10E-08 1E-10 2.52E-10 4E-12 1.56E-13 9E-16
Total Risk 1E-10 4E-12 9E-16
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total Risk = 1E-10

Maximum Exposure Concentration; ELCR = Excess Lifetime Cancer Risk
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Appendix A
MSFC-048—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Upper | Lower Background Human Health | Exceedance

Station ID | Depth | Depth [Parameter Conc | Q | Units GWP Y/N
SB09-019 45 5.5 |Barium 1.91E+02 | = | MG/KG 6.07E+01 |X 3.20E+01 | X Y
SB09-019 4.5 5.5 |Manganese 2.00E+03 | = | MG/KG 4.90+02 | X 5.00E+00 | X Y
SB09-019 45 5.5 |Chloromethane 7.00E-03|J | MG/KG N/A
SB09-019 45 5.5 |Acetone 6.60E+00 [ = [ MG/KG 8.00E+00 N
SB09-019 45 5.5 |Aluminum 1.91E+04 | = | MG/KG 3.33E+04 N
SB09-018 5 5.5 [Arsenic 5.60E+00 | = | MG/KG 1.36E+01 1.50E+01 N
SB09-020 5 5.5 |Arsenic 5.20E+00 | = | MG/KG 1.36E+01 1.50E+01 N
SB09-016 5 6 [Arsenic 7.30E+00 | = | MG/KG 1.36E+01 1.50E+01 N
SB09-016 5 6 [Arsenic 7.10E+00 [ = [ MG/KG 1.36E+01 1.50E+01 N
SB09-017 55 6 |Arsenic 5.80E+00 | = | MG/KG 1.36E+01 1.50E+01 N
SB09-019 45 5.5 |Arsenic 5.40E+00 | = | MG/KG 1.36E+01 1.50E+01 N
SB09-019 45 5.5 |Beryllium 8.90E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-019 45 5.5 |Bromomethane 1.50E-02|J | MG/KG 2.44E+00 N
SB09-018 5 5.5 [Chromium 2.25E+01(J | MG/KG 1.54E+02 1.00E+01 | X N
SB09-020 5 5.5 [Chromium 2.64E+01|J | MG/KG 1.54E+02 1.00E+01 | X N
SB09-016 5 6 [Chromium 3.97E+01|J | MG/KG 1.54E+02 1.00E+01 | X N
SB09-016 5 6 [Chromium 3.56E+01|J [ MG/KG 1.54E+02 1.00E+01 | X N
SB09-017 5.5 6 [Chromium 2.35E+01|J [ MG/KG 1.54E+02 1.00E+01 | X N
SB09-019 45 5.5 [Chromium 3.05E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-019 45 5.5 |Cobalt 1.28E+01 | = | MG/KG 9.06E+01 | X 2.19E+02 N
SB09-018 5 5.5 |Copper 1.29E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-020 5 5.5 |Copper 1.24E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-016 5 6 |Copper 1.59E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-016 5 6 [Copper 1.47E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-017 5.5 6 [Copper 1.21E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-019 45 5.5 |Copper 1.10E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-019 45 5.5 [Di-n-butylphthalate 4.90E-02(J [ MG/KG 1.20E+02 N
SB09-019 45 5.5 |Iron 2.50E+04 [ = | MG/KG 6.86E+04 N
SB09-018 5 5.5 |Lead 2.46E+01|J [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-020 5 5.5 |Lead 1.97E+01|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-016 5 6 [Lead 4.70E+00|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-016 5 6 [Lead 4.60E+00|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-017 5.5 6 [Lead 2.10E+01|J | MG/KG 2.63E+01 1.50E+00 | X N
SB09-019 45 5.5 |Lead 2.15E+01|J [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-019 45 5.5 [Magnesium 5.69E+02 [ J [ MG/KG 7.45E+02 N
SB09-019 45 5.5 [Methylene Chloride 7.00E-03|J | MG/KG 1.00E-02 N
SB09-018 5 5.5 |Nickel 1.62E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-020 5 5.5 |Nickel 1.31E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-016 5 6 [Nickel 1.89E+01 | = | MG/KG 1.78E+01 [ X 2.10E+01 N
SB09-016 5 6 [Nickel 1.59E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-017 5.5 6 [Nickel 1.35E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-019 45 5.5 |Nickel 1.28E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-019 45 5.5 |Potassium 7.19E+02 | J [ MG/KG 9.00E+02 N
SB09-016 5 6 |Silver 7.30E-01|J | MG/KG 1.17E+00 1.83E+01 N
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Appendix A
MSFC-048—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Upper |Lower Background Human Health | Exceedance

Station ID [ Depth |[Depth |Parameter Conc | Q | Units GWP YN
SB09-019 45 5.5 |Vanadium 5.69E+01 | = [ MG/KG 1.72E+02 N
SB09-018 5 5.5 (Zinc 6.04E+01|J | MG/KG 1.17E+02 4.20E+04 N
SB09-020 5 5.5 (Zinc 5.23E+01|J | MG/KG 1.17E+02 4.20E+04 N
SB09-016 5 6 |Zinc 8.22E+01|J [ MG/KG 1.17E+02 4.20E+04 N
SB09-016 5 6 |Zinc 6.90E+01|J [ MG/KG 1.17E+02 4.20E+04 N
SB09-017 55 6 |Zinc 4.94E+01|J [ MG/KG 1.17E+02 4.20E+04 N
SB09-019 4.5 5.5 |Zinc 4.70E+01|J | MG/KG 1.17E+02 4.20E+04 N
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Appendix A
MSFC-049/050—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Upper | Lower Background Human Health | Exceedance

Station ID | Depth | Depth [Parameter Conc | Q | Units GWP Y/N
SB09-055 12 18 [Barium 1.64E+02|J | MG/KG 6.07E+01 |X 3.20E+01 [ X Y
SB09-055 12 18 [Lead 2.77E+01 | = [ MG/KG 2.63E+01 | X 1.50E+00 | X Y
SB09-055 12 18 [Manganese 1.87E+03 | = [ MG/IKG 4.90E+02 | X 5.00E+00 | X Y
SB09-060 10 12 [Nickel 2.34E+01 | = [ MG/KG 1.78E+01 | X 2.10E+01 | X Y
SB09-056 9 11 [Aluminum 2.66E+04 | = [ MG/KG 3.33E+04 N
SB09-057 11 13 [Aluminum 2.45E+04 [ = [ MG/KG 3.33E+04 N
SB09-060 10 12 [Aluminum 2.91E+04 [ = [ MG/KG 3.33E+04 N
SB09-060 10 12 [Aluminum 2.23E+04 [ = [ MG/KG 3.33E+04 N
SB09-058 11 13 [Aluminum 2.20E+04 [ = [ MG/KG 3.33E+04 N
SB09-059 13 15 [Aluminum 2.17E+04 [ = [ MG/KG 3.33E+04 N
SB09-053 8 10 [Aluminum 2.95E+04 [ = [ MG/KG 3.33E+04 N
SB09-053 8 10 [Aluminum 2.16E+04 [ = [ MG/KG 3.33E+04 N
SB09-051 7 9 |Aluminum 2.71E+04 | = [ MG/KG 3.33E+04 N
SB09-052 9 11 [Aluminum 2.47E+04 [ = [ MG/KG 3.33E+04 N
SB09-055 12 18 [Aluminum 2.22E+04 [ = [ MG/KG 3.33E+04 N
SB09-054 9 11 [Aluminum 3.12E+04 | = | MG/KG 3.33E+04 N
SB09-060 10 12 [Antimony 3.00E+00|J | MG/KG 8.00E+00 N
SB09-054 9 11 [Antimony 3.20E+00(J | MG/KG 8.00E+00 N
SB09-056 9 11 [Arsenic 6.20E+00 | J [ MG/KG 1.36E+01 1.50E+01 N
SB09-057 11 13 [Arsenic 6.40E+00[J [ MG/KG 1.36E+01 1.50E+01 N
SB09-060 10 12 [Arsenic 6.10E+00(J | MG/KG 1.36E+01 1.50E+01 N
SB09-060 10 12 |Arsenic 6.60E+00 | J | MG/KG 1.36E+01 1.50E+01 N
SB09-058 11 13 [Arsenic 5.80E+00|J [ MG/KG 1.36E+01 1.50E+01 N
SB09-059 13 15 [Arsenic 4.70E+00|J | MG/KG 1.36E+01 1.50E+01 N
SB09-053 8 10 [Arsenic 6.00E+00|J | MG/KG 1.36E+01 1.50E+01 N
SB09-053 8 10 [Arsenic 7.00E+00(J | MG/KG 1.36E+01 1.50E+01 N
SB09-051 7 9 |Arsenic 6.40E+00 | J [ MG/KG 1.36E+01 1.50E+01 N
SB09-052 9 11 [Arsenic 6.40E+00[J [ MG/KG 1.36E+01 1.50E+01 N
SB09-055 12 18 [Arsenic 5.30E+00(J | MG/KG 1.36E+01 1.50E+01 N
SB09-054 9 11 [Arsenic 7.40E+00|J | MG/KG 1.36E+01 1.50E+01 N
SB09-056 9 11 (Beryllium 8.70E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-057 11 13 [Beryllium 8.30E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-060 10 12 (Beryllium 7.80E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-060 10 12 (Beryllium 7.00E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-058 11 13 [Beryllium 8.30E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-059 13 15 (Beryllium 1.00E+00|J | MG/KG 1.26E+00 1.80E+02 N
SB09-053 8 10 (Beryllium 1.00E+00|J | MG/KG 1.26E+00 1.80E+02 N
SB09-053 8 10 (Beryllium 7.20E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-051 7 9 |Beryllium 9.20E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-052 9 11 (Beryllium 9.50E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-055 12 18 [Beryllium 7.20E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-054 9 11 (Beryllium 9.90E-01|J | MG/KG 1.26E+00 1.80E+02 N
SB09-056 9 11 [Cadmium 1.30E+00 | = | MG/KG 1.57E+00 N
SB09-057 11 13 [Cadmium 7.60E-01| = | MG/KG 1.57E+00 N
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Appendix A

MSFC-049/050—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Upper | Lower Background Human Health | Exceedance

Station ID | Depth | Depth [Parameter Conc | Q | Units GWP Y/N
SB09-060 10 12 [Cadmium 3.80E-01|J | MG/KG 1.57E+00 N
SB09-053 8 10 [Cadmium 5.60E-01|J | MG/KG 1.57E+00 N
SB09-054 9 11 [Cadmium 4.30E-01(J [MG/KG 1.57E+00 N
SB09-055 12 18 [Calcium 9.58E+02 [ = | MG/KG 1.20E+03 N
SB09-056 9 11 [Chromium 3.34E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-057 11 13 [Chromium 3.05E+01 [ = [ MG/KG 1.54E+02 1.00E+01 | X N
SB09-060 10 12 [Chromium 3.45E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-060 10 12 [Chromium 1.54E+02 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-058 11 13 [Chromium 2.60E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-059 13 15 [Chromium 2.30E+01 | = [ MG/KG 1.54E+02 1.00E+01 | X N
SB09-053 8 10 [Chromium 2.64E+01 | = [ MG/KG 1.54E+02 1.00E+01 | X N
SB09-053 8 10 [Chromium 5.43E+01 | = [ MG/KG 1.54E+02 1.00E+01 | X N
SB09-051 7 9 |Chromium 3.04E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-052 9 11 [Chromium 2.81E+01 | = [ MG/KG 1.54E+02 1.00E+01 | X N
SB09-055 12 18 [Chromium 3.22E+01 | = [ MG/KG 1.54E+02 1.00E+01 | X N
SB09-054 9 11 [Chromium 3.84E+01 | = | MG/KG 1.54E+02 1.00E+01 | X N
SB09-055 12 18 [Cobalt 9.20E+00 | = | MG/KG 9.06E+00 | X 2.19E+02 N
SB09-056 9 11 [Copper 1.21E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-057 11 13 |Copper 1.09E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-060 10 12 [Copper 1.20E+01 | = | MG/KG 1.93E+01 4 50E+01 N
SB09-060 10 12 [Copper 1.04E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-058 11 13 [Copper 1.00E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-059 13 15 |Copper 9.80E+00 | = [ MG/KG 1.93E+01 4.50E+01 N
SB09-053 8 10 [Copper 1.39E+01 | = | MG/KG 1.93E+01 4 50E+01 N
SB09-053 8 10 [Copper 1.21E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-051 7 9 |Copper 1.27E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-052 9 11 |Copper 1.14E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-055 12 18 [Copper 9.80E+00 | = [ MG/KG 1.93E+01 4 50E+01 N
SB09-054 9 11 [Copper 1.40E+01 | = | MG/KG 1.93E+01 4.50E+01 N
SB09-056 9 11 [Iron 2.17E+04 | = | MG/KG 6.86E+04 N
SB09-057 11 13 [Iron 2.28E+04 [ = [ MG/KG 6.86E+04 N
SB09-060 10 12 |Iron 2.12E+04 | = | MG/KG 6.86E+04 N
SB09-060 10 12 (Iron 2.28E+04 [ = [ MG/KG 6.86E+04 N
SB09-058 11 13 [Iron 2.04E+04 | = | MG/KG 6.86E+04 N
SB09-059 13 15 |[Iron 1.40E+04 | = | MG/KG 6.86E+04 N
SB09-053 8 10 |Iron 2.21E+04 | = | MG/KG 6.86E+04 N
SB09-053 8 10 [Iron 2.60E+04 [ = [ MG/KG 6.86E+04 N
SB09-051 7 9 |Iron 2.60E+04 | = | MG/KG 6.86E+04 N
SB09-052 9 11 (Iron 2.53E+04 [ = [ MG/KG 6.86E+04 N
SB09-055 12 18 |Iron 1.88E+04 | = | MG/KG 6.86E+04 N
SB09-054 9 11 [Iron 2.04E+04 [ = [ MG/KG 6.86E+04 N
SB09-056 9 11 |Lead 1.93E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
SB09-057 11 13 [Lead 1.98E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
SB09-060 10 12 [Lead 2.19E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
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Appendix A

MSFC-049/050—Subsurface Soil
QOU-9 Record of Decision

Comparison Criteria Final
Upper | Lower Background Human Health | Exceedance

Station ID | Depth | Depth [Parameter Conc | Q | Units GWP Y/N
SB09-060 10 12 [Lead 1.87E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
SB09-058 11 13 [Lead 2.01E+01 | = [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-059 13 15 [Lead 2.07E+01 | = [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-053 8 10 [Lead 2.06E+01 | = [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-053 8 10 [Lead 2.06E+01 | = [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-051 7 9 |Lead 1.86E+01 | = | MG/KG 2.63E+01 1.50E+00 | X N
SB09-052 9 11 |Lead 2.10E+01 | = [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-054 9 11 |Lead 2.12E+01 | = [ MG/KG 2.63E+01 1.50E+00 | X N
SB09-055 12 18 [Magnesium 6.45E+02 | J | MG/KG 7.45E+02 N
SB09-056 9 11 [Nickel 1.63E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-057 11 13 [Nickel 1.46E+01 | = [ MG/KG 1.78E+01 2.10E+01 N
SB09-060 10 12 [Nickel 1.60E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-058 11 13 [Nickel 1.50E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-059 13 15 |Nickel 1.33E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-053 8 10 [Nickel 1.79E+01 [ = [ MG/KG 1.78E+01 X 2.10E+01 N
SB09-053 8 10 [Nickel 1.46E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-051 7 9 |Nickel 1.60E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-052 9 11 [Nickel 1.42E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-055 12 18 [Nickel 1.31E+01 | = | MG/KG 1.78E+01 2.10E+01 N
SB09-054 9 11 [Nickel 2.04E+01 | = [ MG/KG 1.78E+01 | X 2.10E+01 N
SB09-055 12 18 [Potassium 7.48E+02[J [ MG/KG 9.00E+02 N
SB09-053 8 10 [Silver 1.10E+00|J | MG/KG 1.17E+00 1.83E+01 N
SB09-055 12 18 [Sodium 1.05E+02 | J | MG/KG 2.00E+03 N
SB09-056 9 11 [Thallium 8.00E-02|J | MG/KG 6.30E-01 4.00E-01 N
SB09-060 10 12 [Thallium 9.00E-02|J | MG/KG 6.30E-01 4.00E-01 N
SB09-058 11 13 [Thallium 8.00E-02|J | MG/KG 6.30E-01 4.00E-01 N
SB09-059 13 15 [Thallium 2.70E-01|J | MG/KG 6.30E-01 4.00E-01 N
SB09-053 8 10 [Thallium 1.10E+01|J | MG/KG 6.30E-01 4.00E-01 N
SB09-053 8 10 [Thallium 14.40E-01|J | MG/KG 6.30E-01 4.00E-01 N
SB09-055 12 18 [Thallium 2.90E-01|J | MG/KG 6.30E-01 4.00E-01 N
SB09-054 9 11 (Thallium 1.10E-01|J | MG/KG 6.30E-01 4.00E-01 N
SB09-055 12 18 |Vanadium 4.42E+01| = | MG/KG 1.72E+02 N
SB09-056 9 11 (Zinc 5.52E+01|J [ MG/KG 1.17E+02 4.20E+04 N
SB09-060 10 12 (Zinc 6.12E+01|J [ MG/KG 1.17E+02 4.20E+04 N
SB09-053 8 10 (Zinc 5.89E+01(J [ MG/KG 1.17E+02 4.20E+04 N
SB09-053 8 10 (Zinc 5.31E+01|J [ MG/KG 1.17E+02 4.20E+04 N
SB09-051 7 9 |Zinc 6.08E+01|J [ MG/KG 1.17E+02 4.20E+04 N
SB09-052 9 11 (Zinc 5.24E+01(J [ MG/KG 1.17E+02 4.20E+04 N
SB09-054 9 11 |Zinc 7.37TE+01|J [ MG/KG 1.17E+02 4.20E+04 N
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Non-carcinogenic Scenario
MSFC-048 OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG  Barium 7.00E-02 4.90E-03 1.43E-04 1.91E+02 7.00E-02 0.001 2.62E-04 4E-03 1.28E-06 3E-04 6.62E-09 5E-05
MG/KG Manganese D 1.40E-01 5.60E-03 1.43E-04 2.00E+03 4.00E-02 0.001 2.74E-03 2E-02 1.34E-05 2E-04 69.93E-08 5E-03
MG/KG  Chloromethane C 7.00E-03 8.00E-01 0.01 9.59E-09 4.70E-10 2.43E-13
Hazard Index 2E-02 3E-03 5E-03
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI= 3E-02

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index
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Subsurface Soil - Hypothetical Future On-Site Residential (Child) Scenario
MSFC-048 OU-9 Record of Decision

Ingestion:
CDI= Cs*IR*FI*ET*EF*ED*CF
BW * AT
Noncarcinogenic
Cs = Concentration in soil (mg/kg) RME
IR= Ingestion Rate (mg/day) 200 a
H= Fraction Ingested (unitless) 100%
ET = Exposure time (hours/day) 1.000 b
EF = Exposure Frequency (day/year) 350 a
ED= Exposure Duration (year) 6 a
CF= Conversion Factor (kg/mg) 1.00E-06
BW = Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
Dermal
CDI= Cs*SA*AF*ABS*ET*EF*ED*CF
BW * AT
Cs= Concentration in soil (mg/kg) RME
SA=  Surface Area (cm?) 1418 ¢
AF= Soil-Skin Adherence Factor (mg/cm?) le
ABS = Absorption Factor (unitless) (Chemical-Specific) f
ET = Exposure Time (4 hours per 24-hour day) 0.164 b
EF= Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
CF= Conversion Factor (kg/mg) 1.00E-06
BW =  Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
Inhalation:
CDI= Cs*(1/PER)*IR*ET*EF*ED
BW * AT

Cs = Concentration in soil (mg/kg) RME
PEF= Particulate Emission Factor (m3kg) 1.32E+09 d
IR= Inhalation Rate (m®/day) 15 a

= Exposure Time (4 hours per 24-hour day) 0.167 b
EF= Exposure Frequency (day/year) 350 a
ED= Exposure Duration (year) 6 a
BW = Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure
Factors,” OSWER Directive 9285.6-03, March 25,1991.

b = Times spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity per NASA 1997 workplan.

¢ = Surface area of hands, 1/2 arms and feet of a child for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.

d = Particulate emission factor (PEF), adapted from U.S. EPA, Soil Screening Guidance: Technical
Background Document, May 1996.

e = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992.

f = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial

Investigation Report (August 1991)
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Subsurface Soil - Hypothetical Future On-Site Residential (Child) Non-carcinogenic Scenario
MSFC-048 OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG Barium 7.00E-02 4.90E-03 1.43E-04 191E+02 7.00E-02 0.001 2.44E-06 3E-02 2.89E-06 6E-04 2.32E-08 2E-04
MG/KG Manganese D 1.40E-01 5.60E-03 1.43E-04 2.00E+03 4.00E-02 0.001 2.56E-05 2E-01 3.03E-05 5E-03 243E-07 2E-02
MG/KG Chloromethane C 7.00E-03 8.00E-01 0.01 8.95E-09 1.06E-09 8.49E-13
Hazard Index 2E-01 6E-03 2E-02
Notes: WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI=  2E-01

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index
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Subsurface Soil - Hypothetical Future On-Site Residential (Child) Non-carcinogenic Scenario
MSFC-049/050 OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG  Barium 7.00E-02 4.90E-03 143E- 1.64E+02 7.00E-02 0.001 2.10E-03 3E-02 248E-06 5E-04 1.99E-08 1E-04
04
MG/KG  Lead B2 225E+01 1.50E-01 0.001 2.88E-04 3.41E-07 2.73E-09
MG/KG  Manganese D 140E-01 5.60E-03 143E- 187E+03 4.00E-02 0.001 2.39E-02 2E-01 2.83E-05 O5E-03 2.27E-07 2E-02
04
MG/KG  Nickel 2.00E-02 5.40E-03 1.85E+01 2.70E-01 0.001 2.36E-04 1E-02 2.80E-07 5E-03 2.24E-09
Hazard Index 2E-01 6E-03 2E-02
Notes:  WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI= 2E-01
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Subsurface Soil - Hypothetical Future On-Site Residential (Child) Scenario
MSFC-049/050 OU-9 Record of Decision

Ingestion:
CDI= Cs*IR*FI*ET*EF*ED*CF
BW * AT
Noncarcinogenic
Cs = Concentration in soil (mg/kg) RME
IR= Ingestion Rate (mg/day) 200 a
H= Fraction Ingested (unitless) 100%
ET = Exposure Time (hours/day) 1.000 b
EF = Exposure Frequency (day/year) 350 a
ED= Exposure Duration (year) 6 a
CF= Conversion Factor (kg/mg) 1.00E-06
BW = Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
Dermal:
CDI= Cs*SA*AF*ABS*ET*EF*ED*CF
BW * AT
Cs= Concentration in soil (mg/kg) RME
SA=  Surface Area (cm?) 1418 ¢
AF= Soil-Skin Adherence Factor (mg/cm?) le
ABS = Absorption Factor (unitless) (Chemical-Specific) f
ET = Exposure Time (4 hours per 24-hour day) 0.167 b
EF= Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
CF= Conversion Factor (kg/mg) 1.00E-06
BW =  Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
Inhalation:
CDI= Cs*(1/PER)*IR*ET*EF*ED
BW * AT

Cs = Concentration in soil (mg/kg) RME
PEF= Particulate Emission Factor (m3kg) 1.32E+09 d
IR= Inhalation Rate (m®/day) 15 a

= Exposure Time (4 hours per 24-hour day) 0.167 b
EF= Exposure Frequency (day/year) 350 a
ED= Exposure Duration (year) 6 a
BW = Body Weight (kg) 15 a
AT = Averaging Time (days) 2190 a
References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure
Factors,” OSWER Directive 9285.6-03, March 25,1991.

b = Times spent outdoors in the contaminated areas using best professional judgement, based on the
nature of the activity per NASA 1997 workplan.

¢ = Surface area of hands, 1/2 arms and feet of a child for exposure to soils, adapted from
CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997.

d = Particulate emission factor (PEF), adapted from U.S. EPA, Soil Screening Guidance: Technical
Background Document, May 1996.

e = U.S. EPA Dermal Exposure Assessment: Principles and Application, January 1992.

f = Chemical-specific absorption factors are found in Table 8.4 & Appendix C of the MSFC OU-9 Remedial

Investigation Report (August 1999)
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Subsurface Soil - Hypothetical Future On-Site Residential (Adult) Non-carcinogenic Scenario
MSFC-049/050 OU-9 Record of Decision

Ingestion Dermal Inhalation
Units Chemical WOE RfDo RfDd RfDi RME DE ABS CDI HQ CDI HQ CDI HQ
MG/KG Barium 7.00E-02 4.90E-03 143E-04 1.64E+02 7.00E-02 0.001 2.25E-04 3E-03 1.10E-06 2E-04 5.68E-09 4E-05
MG/KG Lead B2 2.25E+01 1.50E-01 0.001 3.08E-05 1.51E-07 7.80E-10
MG/KG Manganese D 1.40E-01 5.60E-03 143E-05 1.87E+03 4.00E-02 0.001 256E-03 2E-02 1.26E-05 2E-03 6.48E-08 5E-03
MG/KG Nickel 2.00E-02 5.40E-03 1.85E+01 2.70E-01 0.001 253E-05 1E-03 1.24E-07 2E-05 6.40E-10
Hazard Index 2E-02 2E-03 5E-03
Notes:  WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Total HI= 3E-02

Maximum Exposure Concentration; HQ = Hazard Quotient; HI = Hazard Index
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APPENDI X B
Residential Risk Assessment for OU-9

Introduction

A basdine risk evauation was performed for the sites grouped under Operable Unit (OU)-9 for the No
Further Action (NFA) report, to evauate the status of the sites for an unlimited future land use
possibility. The risk assessment (RA) followed by the standard four-step process, which includes.

» Hazard identification/sdection of chemicas of potential concern (COPCs)
» EXposure assessment

* Toxicity assessment

» Risk characterization

These four components of the RA were evauated following Comprehengve Environmenta Response,
Compensation, and Liability Act (CERCLA) procedures and using the U.S. Environmenta Protection
Agency’s (EPA’s) Risk Assessment Guidance (RAGs) for Superfund (1989). The sitesincluded in
OU-9 are consdered for potentid unlimited future land use; therefore, only aresidentia scenario was
evauated. This scenario isintended to conservatively estimate the cancer risks and noncancer hazards
from each of the sites. The RA for OU-9 evauated soil and groundwater data from M SFC-044,

M SFC-045/046, M SFC-047, M SFC-048, M SFC-049/050, and MSFC-A..

Hazard Identification/COPC Selection

The soil (surface and subsurface) data are collected to eva uate the contamination conditions that lead
to an NFA recommendation were evauated in the RA. Also, the groundwater monitoring well data
from the current Resource Conservation and Recovery Act (RCRA) sampling events were used. Sl
data from each Ste were evaluated separately. Groundwater data were evauated on an OU-wide
bagis. All of the detected inorganic chemicals were compared with background vaues for the
respective media. The inorganic chemicals detected above background and the detected organic
chemicals were compared to risk-based concentrations (RBCs). The RBCs are the EPA Region 111
values (EPA Region |1l RBC Table, April 1998) calculated at a 10° risk level for carcinogensand a
0.1 hazard quotient (HO) for noncarcinogens. COPCs were selected based on the sites' history. Those
COPCs exceeding the RBCs were sdected as COPCs for risk assessment evaluation. Table B-1 lists
the COPCs quantitatively evauated in the RA.
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APPENDIX B-RESIDENTIAL RISK ASSESSMENT FOR OU-9

TABLE B-1
List of Chemicals of Potential Concern (COPCs) for Risk Assessment Evaluation for Soil and Groundwater at OU-9
OU-9 Record of Decision

Surface Soil Subsurface Soil Groundwater
Arsenic Arsenic Iron
Chromium Barium Manganese
Copper Cadmium
Mercury Chromium
Nickel Copper
Aroclor-1254 Manganese
Aroclor-1260 Mercury

Nickel

Aroclor-1254

44DDD

Acetone

2-Butanone
Chloromethane

Magnesium, lead, and sodium exceeded comparison criteriain groundwater, but are not included as
COPCs. Magnesium was detected in groundwater above background concentrations to background,
with afew exceptions. However, atoxicity factor, which is necessary for risk/HI calculations, is not
available. Thereareno MCL, SMCL, or hedlth-advisory vaues for magnesum. Additiondly, this
naturaly occurring inorganic chemicd is common in the mediaand is a nutritiondly essentid dement.
Thus, not including it asa COPC is not important for human heelth protection, specificaly because
observed concentrations could be from natural minerds. Lead aso does not have atoxicity factor.
Although the total lead level was reported to be above the background concentration and the action
level based-MCL in the second quarter 1998, the same well was reported to be below detection limits
in the third quarter 1998 and the fourth quarter 1997. Thus, the reported concentration could be an
anomalous result. This assumption is based on the fact that lead was not detected above the
background concentration in soils or in any other wellsin the area, and in the same well during other
monitoring periods before or after this one reported detection. Sodium is an essentid nutrient and does
not have atoxicity factor.

All the surface and subsurface soil samples collected from the different Sites were used for the sdection
of COPCs.

Groundwater monitoring wells included for this risk evauation are the wdls located within the Ste
boundary or downgradient of the Industrial Waste Trestiment Facility (IWTF). Theseinclude Wells
MSFC-021R, 22R, 25, 26, 29D, 32, 33D, 34D, 38, 39, 47D, 49, and 51D (see Figure 1-14). The
quarterly monitoring data collected from 4th quarter 1997 to 3rd quarter 1998 were used for thisrisk
andyss. There were no organic chemica's detected at concentrations above the RBCsin any of the
wells. One of the wellswithin the IWTF, MSFC-021R, isthe only well where trace levels of cis-1,2-
dichloroethene were detected, and only in the 4th quarter 1997. Cisl,2-Dichloroethene has not been
detected since then, and the detected concentration was below a health-based concentration. Thus, the
groundwater does not have any organic congtituents of potentia concern. Additiondly, there were no
carcinogenic chemicals detected above background levels,
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APPENDIX B-RESIDENTIAL RISK ASSESSMENT FOR OU-9

The inorganic chemicds, iron and manganese, are the only chemicas detected above both the
background concentrations and a health-based concentration level. These are therefore, the only
COPCs for groundwater. These chemicds are distributed in groundwater across MSFC at smilar
concentrations as those observed in the wells a this IWTF ste.

Exposure Assessment

The overall objective of the exposure assessment isto characterize the potential for exposure to Site-
related COPCs to a future hypothetica resident. The results of the exposure assessment are
represented as achronic dally intakes (CDIs) for carcinogenic or noncarcinogenic endpoints specific to
each COPC and receptor identified at each of the siteswithin OU-9.

ThisOU islocated at the intersection of Martin Road and Tiros Street. Martin Road is on the south,
Tiros Street is on the east, and a shallow drainage area separates the site from awooded area on the
north and doping land on the west, which is bounded by branches to Indian Creek. Three of the Sites
are capped and the OU isno longer being used asthe IWTF. The OU islocated within the industria
area of MSFC, at the property boundary to Redstone Arsend (RSA). Thereis no steady industrial
activity within the Ste. Martin Road is a heavily used access road. There are no office or resdential
buildingsin the vicinity of the Site. The closest resdentia areas are beyond the RSA property adong the
Martin Road, at least one mile from the site. Indian Creek flows from north to south dong the boundary
between RSA and MSFC, within the proximity of OU-9.

The Site surface soils are covered with clean soils within the old IWTF area. Thelocation of the Site
within the highly industrid area and adjacent to public access roads makes it undesirable for future
resdentia use. The Site groundwater currently isnot in use, and it is unlikely to be used for potable
purposes in the future. Much of the ste's shallow groundwater is likely to release to the downgradient
stream and wetlands (possibly springs). At the Alabama Department of Environmental Management’s
(ADEM'’s) request, a conservative human heath evauation was performed using a future hypothetica
residentia receptor exposure scenario for exposures to soils and grounbdwater.

Exposure factors for surface soils, subsurface soils, and groundwater are included in Table B-2. For the

most part, the exposure assumptions or parameter values used in the dose caculations reflect default
“upperbound” or reasonable maximum exposure (RME) conditions.

Quantification of Exposure

This subsection includes the exposure point concentrations and dose estimation dgorithms for the
exposure scenarios identified previoudy. The estimated doses will be compared with the toxicity factors
identified in the toxicity assessment (next subsection) to calculate risks and Hgs in the risk
Characterization section.

Exposure Point Concentrations

Exposure estimates were derived for each COPC on amedia- and receptor-specific basis for both
carcinogenic risk and noncarcinogenic hazard estimation purposes.
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APPENDIX B-RESIDENTIAL ASSESSMENT FOR OU-9

The soil and groundwater samples evaduated in the RA were discussed in the COPC sdlection
subsection. The exposure point concentrations (EPCs) for soils are the RME concentrations, the upper
confidence limit (UCL) at the 95th percentile on the mean (UCL 95 percent). The EPCs for OU-9
groundwater are the average of al detected concentrations for COPCs. The multiple quarters dataare
averaged for each well. A summary of the resultsisincluded in Table B-3.

Intake Estimates

The intake (dose) estimates were ca culated for each of the complete exposure pathways. These
estimates are described as follows.

Exposure Assumptions and General Characteristics—Default Residential Scenario
A future resdential scenario (including an adult and a child) was evauated using EPA recommended
default exposure factors. The values of the exposure factors were presented in Table B-2. Further
details on the exposure factors are included in Appendix B of the MSFC Surface Media Report
(October 1998). For carcinogenic risk estimation intakes, age-adjusted exposure factors were used for
ingestion, dermd, and inhdation pathways.

The results of the quantitative dose estimates, dong with the risk calculations, are included in this
appendix.

Toxicity Assessment

The toxicity vaues obtained from EPA sources for the soil and groundwater COPCs are presented in
Table B-4. There were no carcinogenic COPCs in Site groundwaeter.

Risk Characterization

The risk characterization discusses the quantitative and quditative evauation of potentia risks
associated with COPCs detected in soil and groundwater at the OU-9 Sites.

Excesslifetime carcinogenic risk (ELCR), defined as the unitless upperbound probability of the

individua receptor developing cancer over alifetime under the specified exposure conditions, is derive
for each carcinogenic COPC asfollows:

ELCR=CDI * CSF
Where:
CDI = Route- and media-specific cumulative daily intake (dose) of a COPC (mg/kg/day)

CSF = Route-specific cancer dope factor (mg/kg/day) for the COPC
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TABLE B-2

Exposure Factors Used for the Residential Soil and Groundwater Exposure Scenarios

QOU-9 Record of Decision

Residential Residential
Symbols Parameter (Adult) (Child)
BW Body Weight (kg)? 70 15
AT _C Averaging Time - Carcinogenic (days)? 70x365 N/A
AT-NC Averaging Time - Noncarcinogenic (days)? 30x365 6x365
IR_Ings Soil Incidental Ingestion Rate (mg/day)® 100 200
IR_adj_Ings Age-adjusted Soil Incidental Rate (mg-year/kg-day)? 114.29 *
IR_INggy Groundwater Ingestion Rate (L/day)® 2 1
IR_adj_Ingg,, Age-adjusted Groundwater Ingestion Rate (L-day/kg-day)? 11 *
SA Skin Surface Area for Soil Exposure (cn?)® 2936 1418
SA_adjs Age-adjusted Skin Surface Area for Soil Exposure ((cn?-year/kg)? 1574 *
SAgw Skin Surface Area for Groundwater Exposure (cn?)® 18150 6880
SA_adjgy Age-adjusted Skin Surface Area for Groundwater Exposure (cn?- 10638 *
year/kg)°
AF Adherence Factor (mg/cn¥)¢ 1 1
IR_Inh Inhalation Factor (nm¥/day)? 20 15
IR_adj_Inh Age-adjusted inhalation Rate (n?-year/kg-day)? 12.86 *
PEF Particulate Emission Factor (m*/kg)° 1.32E+09 1.32E+09
ET, Exposure Time for Soil Exposure (hours/day)® 4 4
ETgw Exposure Time for Groundwater Exposure (hyours/day)® 0.25 0.25
B Exposure Frequency (days/year)® 350 350
ED Exposure Duration (years)? 30 6
Notes:
a EPA Risk Assessment Guidance for Superfund, Vol. | : Human Health Evaluation Manual (Part A), Interim
Final, December 1989.
b see Intake assumptions tables in Appendix B for details
Adapted from EPA1996, soil Screening Guidance: Technical Background Document
d Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health Risk Assessment, Interim, November
1995.
N/A Not applicable for this receptor

Age-adjusted factors do not apply to this scenario
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B-6

TABLE B-3

Exposure Point Concentrations for Sites in OU-9

OU-9 Record of Decision

Mean (mg/kg | Max (mg/kg
Site Medium Constituent or kg/LY) or mg/LY) EPC (mg/kg)
MSFC-044 SB Arsenic 11.0 19.2 12.9
Cadmium 0.5 25 0.85
Lead 14.9 29.2 175
Manganese 491.0 540.0 540.0
Mercury 0.09 0.54 0.14
Nickel 33.9 71.2 48.6
MSFC-045/046 SS Arsenic 7.7 12.0 9.5
Chromium 148.8 946.0 340.0
Copper 17.1 70.2 29.3
Nickel 27.0 171.0 57.0
MSFC-045/046 SB Barium 162.0 162.0 162.0
Cadmium 0.6 3.7 11
Chromium 171.0 1410.0 428.8
Copper 16.0 58.4 23.7
Manganese 784.0 784.0 784.0
Mercury 0.10 0.58 0.22
Nickel 13.9 29.4 17.8
Aroclor-1254 0.02 0.02 0.02
4,4'-DDD 0.002 0.002 0.002
2-Butanone 0.01 0.01 0.01
Acetone 9.5 9.5 9.5
MSFC-047 SS Chromium 47.6 100.0 60.9
Nickel 12.6 21.2 15.9
Aroclor-1254 0.05 0.05 0.05
Aroclor-1260 0.04 0.04 0.04
MSFC-047 SB Barium 180.0 180.0 180.0
Manganese 1870.0 1870.0 1870.0
4,4'-DDD 0.002 0.002 0.002
MSFC-048 SB Barium 191.0 191.0 191.0
Manganese 2000.0 2000.0 2000.0
Chloromethan 0.01 0.01 0.01
e
MSFC-049/050 SB Barium 164.0 164.0 164.0
Lead 21.1 27.7 225
Manganese 1870.0 1870.0 1870.0
Nickel 16.4 234 18.5
MSFC-A SS Mercury 0.11 0.22 0.22
MSFC-A SB Barium 129.0 129.0 129.0
Cadmium 11 4.4 4.4
Chromium 78.7 186.0 186.0
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TABLE B-3
Exposure Point Concentration for Sites in OU-9
OU-9 Record of Decision

Mean (mg/kg | Max (mg/kg
Site Medium Constituent or kg/LY) or mg/LY) EPC (mg/kg)
MSFC-A Manganese 2130.0 2130.0 2130.0
(cont'd)
Nickel 20.7 49.3 49.3
Aroclor-1254 0.02 0.02 0.02
2-Butanone 0.01 0.01 0.01
Acetone 11.0 11.0 11.0
Ou-9 GW Iron 2.36 32.3 2.36
Manganese 1.97 58.3 1.97
! Soil units are mg/kg, and groundwater units are mg/L
GW-Groundwater
SS-Surface soil
SB-Subsurface soil
EPC-Exposure point concentration
TABLE B-4
Toxicity Criteria for Chemicals of Potential Concern (COPCs)
OU-9 Record of Decision
Chronic Inhalation Chronic
Chemical Oral SF Oral RfD SF Inhalation
RfD
Name (kg-day/mg) Sourc (kg-day/mg) Sourc UF (kg-day/mg) Sourc mg/kg-day) Sourc UF
e e e e
Arsenic 1.50E+00 I 3.00E-04 I 1.51E+01 I
Barium 7.00E-02 I 1.43E-04 A 1000
Cadmium 5.00E-04 I 10 6.30E+00 I 5.71E-05
Chromium Il 1.00E-00 |
Copper 4.00E-02 E
Lead
Manganese 2.30E-02 | 1 1.43E-05 | 1000
Mercury 3.00E-04 H 30 8.57E-05 I 30
Nickel 2.00E-02 I 300
Aroclor-1254 2.00E+00 I(PCB) 2.00E-05 300
Aroclor-1260 2.00E+00 1(PCB)

Notes:

SF - (Cancer) Slope Factor

RfD - (Noncancer) Reference Dose

A - Health Effects Assessment Summary Tables (HEAST) alternate method; (EPA, 1997).

E - EPA-NCEA Regional Support provisional value.

H - Health Effects Assessment Summary Tables (HEAST); (EPA, 1997).

| - Integrated Risk Information System (IRIS); (IRIS, 1997).

I(PCB) - High risk and persistence value used, (IRIS, 1997)

UF - Uncertainty Factor

W - Withdrawn from IRIS or HEAST
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Summing dl of the route- and media-specific ELCR estimates provides atotal ELCR for agiven
COPC for each receptor. The summation of total ELCRsfor dl of the COPCs provides the total
ELCR for the receptor.

Likewise, the upperbound noncarcinogenic hedlth hazard is estimated initiadly by caculating HQson a
route- and media-specific basis for each COPC for receptor, as follows:

HQ = CDI/RfD
where:
CDI = Route- and media-specific cumulative daily intake (dose) of a COPC (mg/kg/day)

RfD = Route-specific reference dose (mg/kg/day) (daily intake considered unlikely to cause
adverse affects over alifetime of exposure) for the COPC

Summing the route- and media-specific HQs provides an estimate of atotal hazard index (HI) for a
given COPC for each receptor. The summation of Hls across COPCs provides atotal HI for the
receptor. This procedure ignores toxicologica endpoints and mechanisms of action as the basis for
edimating the noncarcinogenic hazard from multi-contaminant exposure, thus resulting in ahighly
conservative estimate of potentia effects.

For scenarios resulting in noncarcinogenic hazards above avaue of 1.0, individua target organs for
each of the COPCs were identified and the HI was summed by target organ, to identify if any individua
target organ hazard is above avaue of 1.0.

For the purposes of regulatory decison-making at contaminated sites, EPA uses an acceptable risk
range of 10 to 10°. Typicaly, results faling within or below this range are considered a reasonable
basis for NFA, depending on the degree of conservatism and uncertainty associated with like estimates.
Likewise, atotd HI of 1.0 or lessis consdered evidence of de minimus potentid for noncarcinogenic
hedlth effects. Conservatism and uncertainties inherent in the analyses are considered when interpreting
the reaults.

The reaults of the carcinogenic risk and noncarcinogenic hazard ca culations are provided on amedia,
receptor-, and route-specific basis for each pathway identified in the exposure assessment section in
Appendix C of the MSFC Surface Media Rl Report (October 1998). Cancer risks and noncancer
Hls are summarized in Table B-5.

Future Hypothetical Resident-Soil Risk Assessment Results
Thetotal ELCR to hypothetica future onsite adult and child residents was estimated for each Ste. The

total risks were within the 10 to 10 levels. All the Sites were below 10, except SFC-044 and
M SFC-0454/046. The noncarcinogenic HI for soils was below 1.0 for al the Sites evauated.
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TABLE B-5

Carcinogenic Risk and Noncarcinogenic HI Estimation by Site—OU-9
OU-9 Record of Decision

Site Receptor Media Exposure Route Risk Hazard Index
MSFC-044 | Adult Resident | Surface Soil Ingestion n/a n/a
Dermal n/a n/a
Inhalation n/a n/a
Subsurface Soil Ingestion 3E-05 0.07
Dermal 2E-07 0.03
Inhalation 4E-09 0.001
Total 3E-05 0.1
Child Resident | Surface Soil Ingestion n/a n/a
Dermal n/a n/a
Inhalation n/a n/a
Subsurface Soil Ingestion n/a n/a
Dermal n/a 0.07
Inhalation n/a 0.005
Total 0.7
NOTE: No Surface Soil data available in database
MSFC- Adult Resident | Surface Saoil Ingestion 2E-05 0.05
045/046
Dermal 1E-07 0.0007
Inhalation 3E-09 n/a
2E-05 0.05
Subsurface Soil Ingestion 6E-08 0.002
Dermal 9E-09 0.05
Inhalation 2E-10 0.002
7E-08 0.07
Total 2E-05 0.1
Child Resident | Surface Soil Ingestion n/a 0.5
Dermal n/a 0.002
Inhalation n/a n/a
0.5
Subsurface Soil Ingestion n/a 0.20
Dermal n/a 0.03
Inhalation n/a 0.09
0.33
Total 0.83
MSFC-047 | Adult Resident | Surface Soil Ingestion 3E-07 0.005
Dermal 5E-08 0.001
Inhalation 4E-12 n/a
3E-07 0.006
Subsurface Soil Ingestion 6E-10 0.02

DFB/993440003-LSB967.DOC

B-9



APPENDIX B-RESIDENTIAL RISK ASSESSMENT FOR OU-9

TABLE B-5

Carcinogenic Risk and Noncarcinogenic HI Estimation by Site—OU-9
OU-9 Record of Decision

Site Receptor Media Exposure Route Risk Hazard Index
Dermal 6E-11 0.01
Inhalation n/a 0.03
6E-10 0.06
Total 3E-07 0.07
Child Resident | Surface Soil Ingestion n/a 0.05
Dermal n/a 0.003
Inhalation n/a n/a
0.5
Subsurface Soil Ingestion n/a 0.16
Dermal n/a 0.71
Inhalation n/a 0.04
0.91
Total 0.95
MSFC-048 Adult Resident | Surface Soil Ingestion n/a n/a
Dermal n/a n/a
Inhalation n/a n/a
Subsurface Soil Ingestion 1E-10 0.02
Dermal 4E-12 0.003
Inhalation 9E-16 0.005
Total 1E-10 0.03
Child Resident | Surface Soil Ingestion n/a n/a
Dermal n/a n/a
Inhalation n/a n/a
MSFC-048 Subsurface Soil Ingestion n/a 0.2
Dermal n/a 0.006
Inhalation n/a 0.02
Total 0.2
NOTE: No COPCs available from Surface Soil data
MSFC-049/-50 | Adult Resident | Surface Soil Ingestion n/a n/a
Dermal n/a n/a
Inhalation n/a n/a
Subsurface Soil Ingestion n/a 0.02
Dermal n/a 0.002
Inhalation n/a 0.005
Total 0.02
Child Resident | Surface Soil Ingestion n/a n/a
Dermal n/a n/a
Inhalation n/a n/a
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TABLE B-5

Carcinogenic Risk and Noncarcinogenic HI Estimation by Site—OU-9
OU-9 Record of Decision

Site Receptor Media Exposure Risk Hazard Index

Route
Subsurface Soil | Ingestion n/a 0.2
Dermal n/a 0.006
Inhalation n/a 0.02
Total 0.2

NOTE: No Surface Soil data available in database
MSFC-A Adult Resident Surface Soil Ingestion n/a 0.001
Dermal n/a 0.05
Inhalation n/a 0.00000009
0.5
Subsurface Soil | Ingestion 6E-08 0.03
Dermal 1E-08 0.006
Inhalation 6E-10 0.005
7E-08 0.05
Total 7E-08 0.1
Child Resident Surface Soil Ingestion n/a 0.009
Dermal n/a 0.1
Inhalation n/a 0.0000003
0.1
Subsurface Soil | Ingestion n/a 0.32
Dermal n/a 0.085
Inhalation n/a 0.11
0.51
Total n/a 0.6
Groundwater Adult Resident Ingestion n/a 0.6
Dermal n/a 0.03
Inhalation n/a n/a
Total 0.6
Child Resident Ingestion n/a 14
Dermal n/a 0.04
Inhalation n/a n/a
Total 14
Notes

n/a—not applicable, no COPCs
Cancer risks were evaluated for age-adjusted lifetime exposure and were included in summary for adult resident.

The MSFC-044 data are from subsurface soils; there are no COPCs for the surface soil. Assumption
used for the subsurface soil exposure scenario are highly conservative, because if subsurface soils are
excavated and become exposed, they are likely to have lower concentrations due to mixing. In
addition, the subsurface soil does not pose risks beyond those due to naturally occurring arsenic levels.
Arsenic is detected a a maximum concentration of 19.2 milligrams per kilogram (mg/kg), which is
smilar to the background
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subsurface soil concentration for arsenic of 13.6 mg/kg. The EPC for arsenic (UCL 95 percent) is12.9
mg/kg, which is below background leve. Thus, the MSFC-044 potentid risks are below the
background risk levels.

Similarly, MSFC-045/046 risks estimated at 2x10°, are again from arsenic detected in surface soil
samples. The maximum observed arsenic is at 12mg/kg, compared to a surface soil background vaue
of 10.9 mg/kg. The EPC (UC: 95 percent) value for arsenic is estimated at 9.51 mg/kg, which is below
the background level. Thus, the totd Site risks are below the background levels.

Thus, the overdl ste risks under the most conservative risk estimation scenario are within the
acceptable limits and below the background levels. Therefore, the site soils do not present a human
hedlth risk concern under existing conditions and potentia future use.

Future Hypothetical Resident—Groundwater Risk Assessment Results

The groundwater at the OU is under aroutine monitoring program under RCRA. Site groundwater is
mostly free of organic contamination. There were no carcinogenic chemicals detected above
background in the groundwater. Thus, only a noncarcinogenic HI was estimated for an adult and a
child. Thetota HI from the average observed iron and manganese concentration was 0.6 for an adult,
which isbelow the vadue of 1.0, and 1.4 for a child, which is dightly above avdue of 1.0. Both iron and
manganee are nutritiondly essentid for human metaboliam.

Health-based Evaluation for Lead

Lead is addressed separately, because there are no toxicity criteria available for quantitative risk
estimations for this metd. Lead was detected a concentrations below background a most of the Sites
(MSFC-045/046, MSFC-047, MSFC-048, MSFC-A). The maximum observed lead concentration in
M SFC-044 subsurface soils of 29.2 mg/kg was above background concentrations, but below a
resdentia hedth protection-based screening concentration of 400 mg/kg. Lead was detected in
groundwater in one out of 78 samples during the 2nd quarter 1998 sample, and there was no
detectable level of dissolves lead ever reported in any of the wells. Thus, this reported groundwater
lead detection gppears to be an anomaly. Therefore, lead isnot anissuein soils at any of the Steswithin
OU-9 or in the regiona groundwater.

Sources of Uncertainty. Potentid sources of uncertainty exist in each of the stepsin thisrisk
assessment. The uncertainty associated with the COPC selection process comes from the sample
location, number of samples, time variation in the sampling events, differences in sample andysis by
different labs, etc.

The dte datawere intended for NFA documentation, and the Sites in genera are free of contamination,
as can be noted from this consarvative risk assessment. Uncertainty in the data evaluation for the

COPC sdection results from the use of a single vaue for the background. The Site concentration ranges
and the background concentration ranges could be smilar. This may result in sdlection of severd of the
naturaly occurring chemicas as COPCs, using the maximum detected concentration for comparison
with the background vaue. Groundwater data are based on multiple rounds of monitoring, which
reduces the uncertainty. However, due to the Smilar inorganic chemical concentration levels over time,

B-12 DFB/993440003-LSB967.DOC



APPENDIX B-RESIDENTIAL RISK ASSESSMENT FOR OU-9

their occurrence could be due to the type of hydrogeology at the screening depths for each of the
monitoring wells, rather than due to the presence of IWTF-related contributions.

Exposure assumptions used in this RA are not gpplicable to the OU, because the OU is not suitable for
resdentia use. Such a scenario was evauated to present the absol ute worst-case possible exposures.
Use of groundwater at the OU is not occurring and is not anticipated in the future, due to location within
an indudtria area next to roadways. Another source of uncertainty is the assumption of direct exposure
to the subsurface soils a or near the maximum concentrations. There is no possibility for direct
exposure to the subsurface soil concentrations without significant disturbance and possibly diluted
concentrations. Due to the small size of each individud dite, alimited number of samples were available,
resulting in an EPC default to maximum detected concentrations. This introduces a high conservatism
into the risk estimations.

The toxicity factors used for arsenic are devel oped based on studies of drinking water contamination.
Arsenic present in soil is less biocavailable; thus, the cancer dope factor for arsenic is conservative when
gpplied to soil. The dope factor for chromium is based on studies on chromium metd plating workers
exposure to chronic acid fumes with hexavaent chromium. Thus, the chromium inhalation factor is not
relevant to environmental soil chromium. The groundwater COPCs are naturaly occurring, and
nutritionaly essentid for norma functioning of the human body.

Mog of the estimated risks are from the naturaly occurring chemicdls, like arsenic, a concentrations
amilar to or below background. Thus risks are below the background levels.

Conclusions

» Theresdentia risk assessment caculations assumed that the existing fence would be removed and
that both surface and subsurface soil are ble for direct exposure to future resdents which is
ahighly consarvative assumption.

» Site soilsdo not present risks above background levels.

*  Groundwater a the OU has inorganic naturaly occurring chemicas only. Only two of them are
above background and hedlth-based levels.

« No carcinogenic chemicals were detected above the screening criteria and therefore, no
carcinogenic chemicals were identified as CO(PCs in the groundwater. The HI from iron and
manganese is 0.6 for adults and 1.4 for children, which are both within the 1.0 level.

« Ovedl, none of the siteswithin OU-9 present Sgnificant risks or HIs.
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